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THE  EDITOR’S  VIEWPOINT 


From  Debrecen,  Hungary,  Adler  (p.279) 
contributes  a  paper  on  perception  of  stress 
applied  along  the  axis  at  right  angles  to 
the  axis  of  the  tooth.  The  study,  to  date, 
suggests  a  different  mechanism  for  per¬ 
ception  of  axial  and  lateral  stresses,  lateral 
stress  perception  being  localized  at  the 
gingival  margin  region  and  soial  stress 
being  perceived  over  the  entire  periodon¬ 
tium.  Great  variation  within  individuals 
does  not  support  simple  sensory  reactions 
as  criteria  for  measuring  “biologic”  loads 
in  orthodontic  therapy.  Dr.  Adler’s  work 
is  worthy  of  repetition  under  more  exact 
conditions. 

Berg,  Lunquist,  Schram  and  Fosdick  con¬ 
tinue  studies  of  the  chemistry  of  perio¬ 
dontal  disease  (p.  291).  Using  the  gly¬ 
cogen  content  of  gingivae  as  the  present 
^roach  they  find  marked  glycogen  de¬ 
ficiency  in  periodontal  disease.  Cause  and 
effect  factors  are  discussed.  Trauma,  in¬ 
fection  or  metabolic  disturbances  will 
lower  glycogen  content  and  low  tissue 
glycogen  promotes  protein  break-down. 
The  findings  are  preliminary  in  nature  but 
justify  further  work  of  correlated  nature. 
What  is  the  glycogen  picture  in  various 
types  of  periodontal  disease?  Is  it  lower 
about  third  molar  operculi  than  elsewhere 
in  the  mouth?  What  is  the  glycogen  con¬ 
tent  at  various  stages  of  experimental  perio¬ 
dontal  disease?  What  is  the  glycogen 
content  of  normally  healing  sockets?  Dry 
sockets? 

The  amino  acids  appear  to  become  more 
important  in  vital  economics  as  time  goes 
oa  The  amino  acid  content  of  saliva  has 
been  determined  by  Kirch,  Kesel,  O’Donnell 
and  Wach  (p.  297).  This  is  a  natural  devel¬ 
opment  of  their  studies  of  deamination  and 
dental  caries.  When  body  fluids  are  in¬ 
vestigated  for  various  chemical  substances, 
the  saliva  is  often  neglected  or  a  prelimi¬ 
nary  “indication”  is  run.  More  complete 
studies  of  salivary  chemistry  may  afford  the 
clue  to  caries  immunity-susceptibility,  to 


periodontal  disease  etiology,  the  missing 
factors  in  herpetic  stomatitis,  etc. 

Fosdick  and  Calandra  (p.  903)  have  studied 
the  effects  of  17  amino  acids  on  the  rate 
of  acid  production.  Although  valine,  nor- 
leucine,  phenylalanine  and  threonine  had 
inhibitory  effects,  the  concentration 
necessary  “was  too  great  to  be  a  likely  cause 
of  acid  inhibition  to  saliva.”  This  simply 
eliminates  one  mode  of  action  of  the  amino 
acids,  not  the  possibility  of  them  acting  in 
other  ways. 

In  the  belief  that  enzyme  inhibitors 
might  be  found,  that  can  be  placed  in  all 
sugar  to  prevent  caries,  Fosdick  and  Cal¬ 
andra  (p.  309)  tested  31  peroxides,  quinones, 
gunaidines,  aldehydes  and  other  chemicals. 
The  results  were  encouraging,  glycerol  al¬ 
dehyde  showing  particular  promise.  Here, 
in  a  relatively  cheap,  nontoxic  effective  drug 
that  can  be  placed  in  sugar  at  the  refinery 
appears  to  be  the  greatest  hope  for  mass 
control  of  caries.  Whether  an  aldehyde  or 
some  other  chemical  will  be  one  of  the  choice 
remains  for  further  study. 

Lipner  (p.  319)  has  reviewed  the  literature 
on  dental  caries  with  particular  reference 
to  salivary  amylase.  The  evidence  he  pre¬ 
sents,  from  other  authors’  studies  of  herbiv¬ 
orous  and  carnivorous  animals  and  of  man, 
suggests  that  consumption  of  sugars  and 
cooked  starches  in  the  presence  of  sali¬ 
vary  ptyalin  is  essential  to  caries  activity. 
Salivary  ptyalin  appears  to  have  been  in¬ 
vestigated  with  little  regard  for  daily  fluctua¬ 
tion.  Lipner ’s  review  supports  the  view 
of  Turner  and  Crane. 

Shay  (p.  327)  has  evaluated  several  cul¬ 
ture  media  for  root  canal  examination. 
Since  it  has  been  well  established  that  odor 
or  lack  of  odor  is  a  very  unreliable  method 
of  evaluating  root  canal  therapy,  it  is  im¬ 
portant  that  culture  media  be  developed 
or  aMlapted  to  give  reliable  results  on  rela¬ 
tively  short  incubation.  Shay  proposes 
the  use  of  2  media,  trypticase  dextrose 
broth  (pH  7.2)  and  brain  heart  infusion 
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(pH  7.4),  which  gave  97.8%  positive  re¬ 
sults  from  184  positive  root  canals.  The 
organism  found  most  frequently  was  gamma 
t3rpe  StreptoeoeeuM.  The  types  of  organ¬ 
isms  found  become  moi;^  important  as  anti¬ 
biotics  of  fairly  specific  action  are  de¬ 
veloped. 

Rankow  (p.  333)  reports  a  bilateral  fibro- 
osteoma  of  the  maxilla  of  a  Macaeut  rhe- 
stu.  Whether  these  osteogenic  tumors 
represent  true  neoplasms  or  disturbances 
in  calcium  metabolism  and  ossification, 
reflected  locally,  is  an  interesting  study. 
It  is  unfortunate  that  the  author  received 
only  the  head  of  the  animal  after  the  tu¬ 
mor  had  grown  to  a  size  that  interfered  with 
mastication.  The  monkey  might  have  af¬ 
forded  more  valuable  clues  to  this  tumor  if 
studied  while  living.  The  opportunity  for 
experimental  surgery  and  irradiation  is 
obvious. 

The  publication  of  the  Proceedings  of  a 
meeting  of  the  Washington,  D.  C.  Section 
(p.  337)  prompt  us  to  offer  our  pages  to  short 


abstracts  (200  words  or  less)  of  papers 
presented  at  sectional  meetings.  They 
should  be  submitted  as  a  group  by  the  sec¬ 
tion  editor.  In  the  proceedings  of  the 
Washington  Section  one  author  (McClure) 
suggests  that  a  physician  or  dentist  should 
supervise  dietary  fluorine  supplement.  We 
challenge  the  advisability  of  physicians 
prescribing  fluorides  for  dental  caries.  The 
problem  of  caries  control  is  complex  enough 
for  the  dentist  who  has  studied  oral  pathol¬ 
ogy  and  the  physician  has  a  big  enough  job 
with  the  rest  of  the  body  so  that  he  does 
not  wish  to  have  the  task  of  fluorine  therapy 
handed  to  him.  Such  symposia  as  that 
given  by  the  Washington  Section  help  to 
stimulate  application  of  knowledge  gained 
in  the  laboratory  to  the  clinic  patient.  Un¬ 
fortunately,  not  many  sections  have  the  gal¬ 
axy  of  stars  available  from  the  U3.PJ9.8., 
the  Navy  and  the  Army  in  Washington, 


SENSIBILITY  OF  TEETH  TO  LOADS  APPLIED  IN  DIFFERENT 

DIRECTIONS‘ 


PETER  ADLER,  M.D. 

Stomaloilogical  Clinic,  Univertily  of  Debrecen,  Debrecen,  Hungary 

Occlusal  trauma  is  etiologically  important  in  periodontal  disease.  Although 
this  concept  was  eatablished  some  decades  ago  (K4rolyi  (1)),  the  sensibility  of 
teeth  to  loads  applied  in  different  directions  has  not  been  investigated  system¬ 
atically  until  the  present  time. 

Numerous  studies  have  been  made  on  masticatory  pressure.  Heinroth  (2) 
has  stated  that  measurement  of  masticatory  forces  is  of  no  practical  value 
because  methods  of  measuring  and  the  results  are  dependent,  largely,  on  coUab-' 
oration  of  the  individual  being  studied  and  thus  depend  not  only  on  the  physical 
but  also  on  the  psychic  state.  Knowledge  of  masticatory  force  is  insufficient 
in  studies  of  periodontal  disease  because  this  force  works  in  the  axial  direction 
of  the  teeth  and  most  authorities  believe  that  first  line  lateral  stress  is  detrimental 
to  the  teeth  and  their  supporting  structures.  Further,  the  masticatory  force 
is  the  maximum  force  tolerated  by  the  tooth  in  the  axial  direction.  Neverthe¬ 
less,  teeth  are  sensitive  to  smaller  loads.  According  to  Munch  and  Schriever 
(3)  touching  teeth  with  a  force  of  1.5  gm.  is  perceptible.  Vital  and  pulpless 
teeth  show  equal  sensibility  as  the  periodontal  tissues  are  responsible  for  this 
tactile  perception.  By  increasing  the  force  stress  is  perceived  by  the  tooth  with¬ 
out  suffering  pain  up  to  a  certain  limit  where  pain  is  caused.  Tactile  irritations, 
thus,  cause  3  distinctly  different  reactions  according  to  the  strength  of  the  acting 
force,  i.e.,  touch,  load  (or  stress)  and  pain. 

METHOD 

Measurements  were  made  on  different  groups  of  individuals  to  ascertain  the 
strength  of  the  forces  working  on  the  tooth  in  axial  and  lateral  directions  per¬ 
ceived  as  load.  While  this  sensation  is  difficult  to  describe,  a  single  individual 
can  give  information  when  his  different  teeth  are  examined  or  the  same  tooth 
with  loads  applied  in  different  directions  for  the  results  depend  on  identical 
sensations.  In  most  persons  examined,  the  application  of  forces  of  3  different 
strengths  (touching,  pressing  and  pressing  intensely  to  cause  pain)  resulted  in 
differences  in  the  3  sensible  qualities  that  were  not  only  percepted  but  also  were 
apperoepted.  A  possibility  of  control  is  offered  by  repeating  measurements  at 
short  intervals  and  by  comparing  results  on  opposing  teeth. 

Systematic  measurements  were  made  on  3  different  groups,  all  pupils  of  dif 
ferent  schools  in  Debrecen.  The  first  group  was  made  up  of  25  girls  16  to  19 

*  Received  for  publication  October  9,  1946. 
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'  T  ^'““P  “"Si***"!  of  15  boy, 

from  16  to  19  yeare  of  age  (average  17.7  years).  In  these  2  groups,  - - 

were  earr.^  out  on  all  teeth  of  both  jaws,  as  far  as  possible.  In  some 

menu  could  be  made  on  the  first  molars  without  technical  difficulties  Zt  in 

urther  limited  by  the  range  of  the  available  instruments.  In  these  2  grouns 

only  adol^^ts  mth  complete  dentitions,  without  crowned  teeth  and  with  nw’ 

relationships  were  used.  It  was  not  easy  to  find  students 
meeting  these  requirements.  o'-uuenw 

The  third  group  was  composed  of  IS  boys  between  11  and  12  yearn  of  a«. 

(avera^  11.6  y^).  In  this  group,  measurements  were  made  only  on  per 

“**  ***®  “O'"'®  **■"  “>*  ®"ly  ones  sh«. 

ing  completed  root  development. 

perception  and  temporal  changes,  further 
individual  m^rements  were  made  on  single  persons  who  were  pSts,  doc^ 
nurses  and  students  of  the  clinic.  uociors, 

The  ^thc^yn^ometer  of  MorelU  (4)  was  used  to  examine  axial  stresses* 

™  ^  ascertain  lateral  stress. 

Xch°fn“''“^  V*  Jf  K  elipticaUy  open  unilateral  movements  of 

hich  are  transimtted  by  cogged  wheels  to  an  emperic  scale.  Its  measurinir 
r^e  extends  from  0  to  15  kg.  showing  each  kg.  separately.  The  springlS^ 

0  to  3  kg.  and  shows  differences  of  0.25  kg. 

(I)  “  axial  direction*  by  having  the 

an  i^  laWM-  gnathodynamomitef  and 

(  )  m  laterd  direction  by  pressmg  the  spring  balance  against  the  center  of  the 

labial  surface  of  the  tooth.  As  soon  as  the  individur^r^M 
W  to  the  tooth,  he  stopped  closing  his  jaw  and  signalled  the  inv^tigator 
Measurements  were  carried  out  in  October,  November  and  December  ofT^.* 

BESULTS 

in  T^vT*  *™“P®  !  “d  II  are  summarued 

thr^old  values  per^pt«I  as  load  to  the  tooth  increase  from  tTe  tS 
arch  (a"tenor)  toward  the  distal  (posterior).  Threshold  values  for  axial  stress 
of  manibular  ^th  are  higher  than  those  for  mkxillary  teeth.  LaS  stress 
values  for  maxill^  and  mandibular  tooth  “mates”  are  fairly  constant. 

of  ^  ‘>‘“8hold  values  is  not  proportional  to  the  extent 

01  the  root  surface.  It  would  appear  natural  for  the  same  axial  foroe  to  produce 
ess  pres^re  per  sq.  mm.  of  periodontal  membrane  when  distributed'^ver  a 
f^dT  hTt  when  distributed  over  a  smaller  one.  but  such  was  not 

•  •  1  (®)  found  the  root  surfaces  of  the  maxillarv  first 

mandibuUr  and  maxillary  premolars  smaller  than  tho*  of  the  canines.  In 

JnT^i  »'  P’seiss  ‘>d. 


teeth:  sensibilitt  to  loads 


281 


spite  of  this,  the  average  threshold  values  of  axial  stress  increase  from  the  first 
incisor  to  the  second  premolar.  In  Table  II,  the  axial  stress  per  sq.  cm.  of 

TABLE  I 

Axial  and  lateral  ttreas  threthold  value*  in  girl*  and  boy*  of  16-19  year*  of  age  (Group*  I  and  II) 


Upper  1 


Upper  2 


Upper  3 


Upper  4 


Upper  5 


Upper  6 


Girls 

Boys 


Girls 

Boys 


Girls 

Boys 


Girls 

Boys 


Girls 

Boys 


Girls 

Boys 


Nmnu  or 

MXASUSB- 

muTS 


50 

30 


50 

30 


47 

28 


50 

28 


46 

27 


10 

12 


mcsaoLo  valuxs 


Axial  stress  (kg) 


Minimom  I  Average  Maximam 


4.0 

4.0 


4.0 

4.0 


5.0 

5.6 


4.0 

6.6 


5.98 

6.42 


6.56 

8.20 


8.56 

9.96 


9.94 

11.26 


4.5 

7.6 


6.0 

10.6 


10.60 

11.30 


11.0 

10.0 


14.0 

12.0 


14.0 

13.0 


14.0 

15.0 


Lateral  stress  (kg) 


Minimum  I  Average  I  Maxinumi 


1.00 

1.25 


1.00 

1.25 


1.50 

1.50 


1.25 

1.75 


15.0 

15.5 


15.5 

15.0 


1.75 

2.00 


1.65 

1.65 


1.74 

2.06 


2.09 

2.46 


2.32 

2.48 


2.42 

2.58 


2.00 

2.50 


2.50 

2.00 


2.75 

2.25 


2.5L 
2.75 


3.00 

3.00 


3.00 

3.00 


3.00 

3.00 


Lower  1 

Girls 

50  1 

5.0 

6.42 

11.0 

1.50 

1.65 

2.50 

Boys 

5.0 

8.32 

12.5 

1.50 

1.82 

2.25 

Lower  2 

Girls 

50 

5.5 

7.17 

12.5 

1.50 

1.78 

Boys 

30 

6.0 

9.08 

111 

2.07 

2.75 

Lower  3 

Girls 

50 

6.0 

9.07 

n 

1.75 

2.14 

3.00 

Boys 

30 

7.5 

10.68 

ia 

1.75 

2.41 

2.75 

Lower  4 

Girls 

50 

6.5 

10.55 

15.0 

1.75 

2.38 

3.00 

Boys 

30 

8.0 

11.82 

14.0 

2.00 

2.56 

3.00 

Lower  5 

Girls 

44 

7.0 

11.33 

131 

2.00 

2.54 

3.00 

Boys 

28 

9.5 

12.46 

2.25 

2.73 

3.00 

Lower  6 

Girls 

28 

7.0 

mm 

16.0 

2.50 

_ 

3.00 

Boys 

16 

12.0 

16.0 

3.00 

— 

— 

root  surface  are  given  as  computed  from  the  average  threshold  values  recorded 
in  this  paper  and  the  surface  measurements  of  Sakaguchi  (5)  and  Mdrelli  (4). 

The  regularity  of  threshold  value  increase  found  for  the  groups  was  not  appar- 
mt  for  individuals  of  the  groups.  In  all  4  quadrants  of  the  denture  a  regular 
I»ogressive  increase  of  threshold  values  for  axial  and  lateral  stress  was  found  in 
only  2  girls  out  of  the  group  of  40  adolescents.  When  quadrants  of  individuals 
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were  considered  separately,  threshold  values  were  increasing  in  relation  to  the 
next  mesial  tooth  in  98  quadrants  of  axial  stress,  and  97  of  lateral  stress  out  of 
160  quadrants. 

Differences  in  axial  stress  threshold  values  between  boys  and  girls  of  the 
same  age  groups  are  more  marked  in  the  incisor  than  in  the  premolar  regions. 
Lateral  stress  differences  are  less  marked  than  axial. 

Some  differences  were  observed  between  boys  of  the  2  different  age  groups. 
Axial  stress  values  are  greater  for  the  maxillary  incisors  in  the  younger  groups 
while  the  values  for  the  mandibular  incisors  are  smaller.  Lateral  stress  values 
are  uniformly  smaller  in  the  younger  group. 

Because  of  the  high  variations  within  individuals  statistical  evaluation  would 
show  that  the  differences  between  the  3  groups  to  be  within  the  limits  of  error 

TABLE  II 


Axial  BtreM  threshold  values  for  1  sq.  cm.  of  root  surface 


IOOTH> 

XOOT-SCUACX 
IN  SQ.  CM. 

(mobxiu) 

roses  ros  1  sq.  cm. 

IMXO. 

SOOT-SUSTACS 
IN  SQ.  CM. 
(SASAOrCHl) 

roses  ros  1  sq.  cm. 

Df  so. 

Bojrs 

Girls 

Bo)n 

Girls 

1.17 

5.5 

5.1 

2.45 

N 

2.4 

1.39 

5.9 

4.8 

2.20 

3.0 

1.81 

5.5 

4.7 

3.35 

2.6 

Upper  4 . 

2.05 

5.5 

4.8 

2.85 

3.5 

Uppers . 

1.81 

6.2 

5.9 

2.75 

mm 

3.9 

Lower  1 . 

1.36 

6.2 

1.65 

5.0 

Lower  2 . 

1.24 

7.3 

2.15 

4.2 

Lowers . 

1.58 

6.8 

3.10 

3.4 

2.9 

Lower  4 . 

1.42 

8.4 

2.35 

5.0 

4.5 

Lower  5 . 

1.36 

9.2 

8.3 

2.45 

5.1 

4.6 

*  The  eventual  wedge  effect  of  the  root  is  not  taken  into  consideration. 


of  measurement.  This  high  individual  variability  is  evident  from  the  study  (tf 
Table  I.  In  fig.  2,  the  threshold  values  measured  in  different  teeth  of  some  in¬ 
dividuals  are  shown.  High  individual  variability  is  evident.  Although  differ¬ 
ent  perceptions  of  “load  to  teeth”  in  different  individuals  may  be  a  factor,  high 
individual  variability  in  sensibiUty  to  loads  should  not  be  denied.  In  spite  of 
high  individual  variability,  a  certain  regularity  is  seen  in  fig.  2,  particularly 
increasing  threshold  values  toward  the  posterior.  It  seems  that  threshold  values 
of  stress  are  individual  momentary  characteristics  of  the  subjects  being  investi¬ 
gated.  The  findings  of  this  inv^tigation  are  in  this  respect  in  fair  accordance 
with  statements  of  H.  Heinroth  (2). 

II.  The  relationship  of  axial  to  lateral  force  percepted  as  load  is  of  interest. 
The  quotients  are  summarized  in  Table  HI.  The  quotients  show  how  much 
greater  the  threshold  value  for  axial  load  is  than  that  for  lateral  load  causing 
an  identical  perception.  Maximum  and  minimum  values  are  included  to  demon¬ 
strate  individual  variability. 


I 
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TABLE  III 

.  ,  Axial  atre$$  threahold  value  . 

QuottenU  of  - ; - ; - — T”  •>» 

Lateral  etreu  ihreekold  value 


TOOTH 

ontLS 

HOTS 

Miniiiiufli 

Average 

Average 

Mazuboiii 

2.44 

6.00 

2.25 

4.43 

7.20 

2.25 

7.00 

2.64 

4.03 

8.00 

2.00 

4.10 

7.00 

2.55 

4.24 

6.25 

2.28 

4.28 

6.50 

3.00 

4.43 

7.50 

2.00 

4.38 

7.50 

2.67 

4.46 

6.25 

Lower  1 . 

2.22 

3.87 

6.33 

2.89 

4.50 

6.86 

Lower  2 . 

2.22 

3.98 

6.00 

3.33 

4.87 

6.29 

Lowers . 

2.00 

4.05 

7.43 

2.73 

4.43 

5.50 

Lower  4 . 

2.17 

4.54 

8.00 

3.20 

4.62 

5.78 

Lowers . 

2.33 

4.38 

7.00 

3.64 

4.56 

5.60 

Fig.  1.  Axial  and  lateral  threshold  values  in  2  different  age  groups  of  boys.  Height  of 
columns  indicates  average  of  axial  stress  threshold  values,  dissection  line  of  each  column 
indicates  average  lateral  stress  threshold.  Left  of  each  column  indicates  lft-19  age  group, 
right  indicates  11-12  age  group.  1 — First  incisor,  2 — second  incisor.' 


i 


I 


Fig.i.  Examples  of  axial  and  lateral  stress  threshold  values  in  some  individuals.  Thresh* 
old  values  are  tabulated  for  each  denture  quadrant.  Identical  lines  are  used  for  each 
individual  in  all  quadrants.  Lateral  stress  threshold  figures  are  the  smaller  values. 
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In  girls,  there  is  an  increase  in  the  quotient  as  the  posterior  teeth  are  ap¬ 
proached;  in  boys  the  values  are  fairly  constant.  Individual  variability  is 
remarkable.  Fig.  3  shows  the  quotients  for  different  teeth  of  a  few  persons. 
It  may  serve  as  a  proof  that  in  spite  of  individual  variability  and  the  indefinite 
nature  of  the  perception  of  “load  to  the  tooth,”  the  same  person  had  an  iden¬ 
tical  perception  in  his  teeth  constantly.  It  is  further  indicated  that  the  nature 
of  the  periodontal  membrane,  in  regards  load  perception  is  similar  in  anterior 
and  posterior  teeth. 


Fig.  S.  Quotients  of  axial  stress  threshold  values  and  lateral  stress  threshold  values  in 
some  individuals.  Quotients  are  tabulated  for  each  denture  quadrant.  Identical  lines 
are  used  for  each  individual  in  all  quadrants.  Data  are  not  for  same  individuab  used  for 
fig.  f. 

III.  The  increase  in  average  threshold  values  from  anterior  to  posterior  is 
in  conformity  with  Maxwell’s  concept  of  a.\ial  stress  (6).  Maxwell  stated  that 
less  force  is  required  to  equihbrate  the  mandibular  lever  in  the  anterior  than 
in  the  posterior.  While  the  increase  in  axial  stress  threshold  from  anterior 
to  posterior  is  in  accord  with  the  teleologic  viewpoint,  no  such  explanation  can 
be  offered  for  the  anterior-posterior  variation  in  lateral  stress  threshold. 

The  relationship  of  axial  to  lateral  stress  appears  important.  If  the  medium 
surrounding  the  tooth  is  assumed  to  be  hom(^eneous,  knowing  the  average  data 
for  any  tooth,  the  relations  of  the  two  forms  of  stress  can  be  ascertained  by  com¬ 
putations  on  schematic  models.  Relying  on  average  values  of  root  surfaces  as 
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measured  by  Sakaguchi  (5),  on  average  values  of  roots,  crowns,  breadth  of  teeth, 
etc.  ^ven  by  Mtlhlreiter  (7),  on  deductions  for  schematic  models  of  A.  M. 
Schwarz  (8)  (a  beam  of  uniform  breadth  embedded  in  a  homogeneous  medium), 
of  Breitner  (9)  (a  similar  beam  tipping  about  a  fulcrum  at  its  apical  part,  of 
Bauer  and  Langh  (10)  (conical  root  in  a  homogeneous  medium)  published  by 
Adler  (11),  computations  were  made  and  their  results  compared  with  the  present 
findings  (Table  IV). 

The  data  in  Table  IV  indicate  a  wide  discrepancy  between  experimental 
findings  and  the  results  of  computations.  A  satisfactory  explanation  is  not 
apparent.  To  some  degree  inaccuracies  of  the  experiment  are  a  factor  as  direc¬ 
tion  of  load  may  have  varied  from  true  axial  and  true  lateral.  Actual  root 
lei^hs  probably  varied  from  Miihlreiter’s  averages  (7).  The  wedge  effect 
of  roots  in  axial  stress  was  not  considered,  nor  was  the  curved  nature  of  the  roots. 


Fig.  4.  Relationship  between  strength  of  axial  load  (in  Kg.)  and  duration  of  action 
(in  sec.). 

in  computations.  These  two  factors  may  be  of  great  importance.  However, 
inaccuracies  in  preliminary  assumptions  may  have  been  of  more  importance. 
One  of  these  assumptions,  based  on  the  first  model  experiments  of  Case  (12), 
is  that  the  root  is  surrounded  by  a  homogeneous  medium.  Adler  (11)  recorded 
contrary  evidence  and  the  present  results  suggest  the  similar  differences. 

Great  individual  variability  and  increase  in  average  threshold  values  toward 
the  distal  are  important  in  consideration  of  periodontal  traumatization  (occlusal 
trauma)  as  well  as  in  orthodontic  displacements.  Soreness  of  traumatized  teeth 
is  one  of  the  earliest  symptoms  of  occlusal  trauma.  In  orthodontic  treatment 
absence  of  pain  and  firmness  of  teeth  are  criteria  of  “biologic”  treatment  (Op* 
penheim  (13)).  Since  there  is  so  much  individual  variation  in  threshold  values 
of  load  perception,  it  seems  improbable  that  orthodontic  forces  of  definite 
strength  could  be  exerted  on  every  tooth  of  an  individual  with  certainty  of  not 
producing  damage  to  the  teeth  and  supporting  structures. 
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IV.  Morelli  (4,  14)  contended  that  the  product  of  strength  and  duration  of 
the  force  is  constant.  Morelli  found  that  the  average  axial  threshold  value  for 
pain  in  the  maxillary  first  incisors  to  be  15  kg.  min.  (i.e.,  15  kg.  working  for 
60  sec.,  or  30  kg.  for  30  sec.,  etc.).  Morelli’s  data  are  valid  only  for  axial  stresses. 
Nevertheless,  he  attempted  to  compute  how  long  20  g.  force  (the  proposed 
“biologic  optimum  of  A.  M.  Schwarz  (15)”)  must  work  to  cause  pain  of  equal 


QuotienU 


TABLE  IV 
Axial  8tre»B  ihreahold  valtie  . 


Lateral  street  threehold  valve 


in  models  and  on  natural  teeth 


Quoinim  or 

llodcli  of  1 

Natural  teeth 

A.  M. 
Schwan 

Breitner 

Bauer- 

Lan^ 

(mintiwitm  afiH 
mawimmn) 

Lower  1 
Lower  2 
Lower  3 
Lower  4 
Lower  5 


2.25- 7. 

2.26- 8. 
2.00-7.00 
2.2&-7. 
2.00-7.50 


2.22-6.86 

2.22-6.29 

2.00-7.43 

2.17-8.00 

2.33-7.00 


Axial  streu  for  all  models  was  computed  by  division  of  the  acting  force  (P)  by  the  root- 
surface  according  to  Sakagucbi’s  findings. 

Lateral  stress  was  computed  in  the  model  of  Schwars  according  to  the  formula  Qm 

2P'/  3h\  h -f  w 

■  7 —  12-1 - I ;  in  the  model  of  Breitner  according  to  the  formula  Qms  ■■  3  P'  — — — ; 

b  w  \  w  /  b  w* 


in  the  model  of  Bauer  and  Langh  according  to  the  formula  Qau  *  — — .  (3  w  —  4  k). 

a  w* 


In  these 


formulae  Qu  means  the  maximal  pressure  working  to  the  periodontium,  P'  «  the  force 
acting  on  the  crown,  w  >  length  of  the  root,  h  the  distance  between  attack  of  force  and 
gingival  margin  (half  of  the  crownlength),  b  »  breadth  of  the  root,  a  —  radius  of  the 
conical  root  1  cm.  from  the  apex,  computed  from  breadth  and  length  given  above,  k  ■■ 
w-l-h. 


quality,  although  orthodontic  forces  are  usually  applied  at  right  angles  to  axial 
direction. 

It  is  difiBcult  to  reproduce  Morelli’s  experiments.  In  the  present  study,  the 
gnathodynamometer  could  not  be  compressed  for  longer  than  30  sec.  by  a  con¬ 
stant  force.  The  present  findings  are  in  agreement  with  the  statements  of 
Heinroth  (2)  who  registered  masticatory  force  graphically.  In  2  medical  students 
4  experiments  were  carried  out,  ascertaining  threshold  values  of  discomforting 
axial  stresses  in  relationship  to  duration  of  forces  (Jig.  4)>  The  regular  inverse 
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It  is  quite  natural  that  a  definite  relationship  should  exist  between  strength 
and  duration  of  forces  in  their  biologic  consequences.  At  least  in  regard  dis¬ 
comfort  caused  by  force,  this  cannot  be  expressed  as  a  simple  inverse  relationship. 
The  difference  between  the  present  results  and  Morelli’s  may  be  due  to  different 
duration  of  forces  or  to  different  sensations  to  tho  periodontium.  For  the 
quality  of  sensation  recorded  by  Morelli  a  regular  inverse  proportion  may  be 
valid  though  the  present  findings  and  Heinroth’s  statements  are  contradictwjr. 


TABLE  V 

Change  in  threehold  values  of  stress  under  anesthesia 


SUBJECT  MO. 

TOOTH 

OmiGIMAL  THUSHOLD 
VALUE  DT  KO. 

TYPE  OP  ANESTHESIA 

CHANCED  THXESHOU) 
VALUE  IN  EO. 

Axial 

Lateral 

Axul  1 

Lxtcral 

1 

1-f 

mm 

mm 

Surface-anesthesia  cir- 

mi 

2.25 

2-1- 

7.6 

1.25 

cularly 

■a 

2.75 

2 

H- 

1.50 

Surface  anesthesia  cir- 

8.5 

2-1- 

1.75 

cularly 

8.5 

i 

3 

1+ 

6.0 

1.25 

Surface  anesthesia  cir- 

8.0 

2.50 

2+ 

6.0 

1.50 

cularly 

8.0 

2 

1-f 

10.0 

1.50 

Surface  anesthesia  of  the 

2.75 

2-1- 

10.0 

1.75 

1 

vestibular  gingiva 

3.00 

4 

1-f 

10.0 

1.50 

Surface  anesthesia  on  the 

wm 

2-f 

10.5 

1.76 

palatal  side 

1.75 

Subsequently  surface-an- 

2.25 

esthesia  of  the  vestibu- 

10.5 

2.75 

lar  gingiva 

5 

6- 

7.0 

1.25 

Mandibular  conduction 

11.0 

4- 

7.0 

1.50 

anesthesia 

11.0 

V.  In  some  individuals,  threshold  values  of  stress  were  ascertained  under 
different  conditions. 

The  effect  of  anesthesia  was  investigated.  On  some  teeth  of  some  individuals 
the  gingivae  were  anesthetiaed  (surface  anesthesia  with  2%  nupercaine)  after 
threshold  values  had  been  ascertained.  After  a  lapse  of  a  few  minutes,  the 
threshold  values  were  again  recorded.  Axial  stress  threshold  values  were  in¬ 
creased  about  30%  and  lateral  stress  values  were  doubled,  approximately. 

By  anesthetizing  only  the  palatal  side  of  the  gingival  margin*  no  change  in 
threshold  value  occurred.  By  anesthetizing  the  vestibular  part  axial  stress 
threshold  value  is  increased  some  and  lateral  stress  threshold  value  is  nearly 
doubled. 


*  By  diffusion  the  anesthetic  extends  to  the  marginal  periodontal  membrane. 
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First  anesthetizing  the  palatal  side  of  the  gingival  margin  results  in  no  change 
in  lateral  stress  value  but  subsequent  anesthetizing  of  the  vestibular  side  doubles 
the  lateral  stress  threshold  value.  Results  of  some  of  these  experiments  are 
pven  in  Table  V. 

Mandibular  conduction  anesthesia  resulted  in  increases  in  axial  stress  thresh¬ 
old  values  of  50  to  70%  and  approximate  doubling  of  lateral  stress  threshold 
values. 

These  experiments  are  being  continued.  Results  obtained  indicate :  1.  Lateral 
stress  is  perceived  by  transmission  of  pull  impulses;  2.  Lateral  stress  is  per¬ 
ceived  in  the  marginal  region  of  the  periodontium;  3.  Axial  stress  seems  to  be 
perceived  uniformly  over  the  entire  periodontium;  4.  The  perception  of  axial 
stress  may  be  a  perception  of  pressure  in  first  line;  5.  Axial  stress  threshold  values 
are  more  difficult  to  influence  than  lateral  stress  threshold  values;  6.  Axial  and 
lateral  stress  may  be  perceived  by  different  nervous  elements.  As  experiments 
are  still  in  progress,  these  results  are  provisional. 

SUMMARY 

Threshold  values  for  axial  and  lateral  stress  perceived  as  “load  to  the  tooth” 
were  recorded  in  adolescents  of  different  sex  and  age.  High  individual  variability 
was  found  but  an  increase  of  threshold  values  was  evident  from  anterior  to 
posterior  teeth.  Relationship  of  axial  to  lateral  stress  ascertained  experi¬ 
mentally  differs  considerably  from  relationship  computed  on  schematic  models. 
The  relationship  between  axial  stress  threshold  and  duration  of  force  cannot  be 
expressed  as  a  simple  inverse  proportion.  The  influence  of  anesthesia  on  stress 
thresholds  was  observed. 
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CHEMICAL  STUDIES  IN  PERIODONTAL  DISEASE 
V.  The  Gltoooen  Content  or  Gingival  Tissue^ 

M.  BERG»,  G.  R.  LUNDQUIST,  W.  R.  8CHRAM,  and  L.  S.  FOSDICK 
The  Clinics  and  Laboratories,  Northwestern  University  Dental  School,  Chicago,  III. 

The  fact  that  chronic  periodontitis,  or  so-called  “pyorrhea  alveolarus,”  is  al¬ 
ways  associated  with  the  degradation  of  proteins,  suggests  that  this  condition 
may  be  basically  a  putrefactive  process.  Recent  investigations  confirm  this  idea, 
as  the  salivary  proteins  of  periodontal  cases  putrefy  much  more  rapidly  than 
those  from  normal  individuals  (1,2).  This  difference  in  the  rate  of  putrefaction 
of  salivary  proteins  is  so  large  that  it  may  be  used  as  a  diagnostic  procedure  (3). 

Wlien  one  reviews  the  literature  concerning  the  causes  of  chronic  periodontitis, 
it  is  obvious  that  there  is  considerable  difference  of  opinion.  There  is  evidence 
to  indicate  that  causative  factors  may  be  lateral  stress  injuries  (4,  5,  6,  7),  sub¬ 
gingival  calculus  and  filth  (8,  9,  10,  11,  12),  endocrine  disturbances  (13)  or  bac¬ 
terial  infection  (14, 15). 

It  is  extremely  difficult  to  correlate  these  various  causative  factors  directly  with 
the  mechanism  of  putrefaction  as  there  does  not  seem  to  be  any  obvious  relation. 
One  clinical  observation,  however,  does  seem  to  be  related.  It  is  a  cmnmon 
clinical  finding  that  chronic  periodontitis  and  dental  caries  are  generally  antago¬ 
nistic.  It  has  further  been  observed  that  fermentable  carbohydrates  retained  in 
the  mouth  are  the  source  of  acids  which  are  primarily  responsible  for  the  decalcifi¬ 
cation  of  the  teeth  (16).  It  has  been  shown  that  when  there  is  as  little  as  0.5% 
glucose  in  the  saliva,  little  or  no  putrefaction  results  until  all  of  the  sugar  has  been 
utilised  by  the  acidogenic  t}rpe  of  bacteria  (17).  Thus  it  would  seem  that  in  the 
presence  of  sugar  the  putrefaction  of  salivary  proteins  b  inhibited,  while  the 
formation  of  add  is  accelerated.  When  one  considers  tl\is,  it  is  possible  to  corre¬ 
late  trauma,  putrefactive  bacterial  infection,  endocrine  disturbance  and  me¬ 
chanical  irritation  due  to  calculus.  Marked  irritation  of  any  type,  which  wiU 
result  in  tissue  breakdown,  will  cause  a  decrease  in  glycogen  content  of  the  tissue. 
Thus  in  cases  of  untreated  diabetes,  the  tissue  glycogen  is  low  and  the  individual 
is  more  susceptible  to  all  types  of  infections,  such  as  boils,  gangrene,  etc.  It  has 
also  been  observed  that  the  periodontal  disturbances  are  more  prevalent  (18). 
Hypophy  sectomised  rats  have  a  low  tissue  glycogen  (19).  Marked  vitamin  C  (20) 
defidendes  exhibit  low  muscle  glycogen.  Glycogen  inhibits  protedytic  action 
in  tissues  (21),  while  certain  amino  acids  derived  from  proteolytic  action  accele- 

*  This  work  was  supported  by  grants  from  the  Colgate-Palmolive-Peet  Company  and  the 
Lambert  Pharmacal  Company.  Received  for  publication  May  28,  1947. 

*  Poet  Doctorate  Fellow  in  chemical  research.  Present  address.  Department  of  Pathol¬ 
ogy,  St.  Lukes  Hospital,  Chicago,  Illinois. 
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rate  putrefaction.  Thus  it  would  seem  glycogen  may  be  a  natural  protective 
agent  against  all  t3i)es  of  conditions  accompanied  by  protein  degradation. 

In  view  of  the  above,  it  was  thought  logical  to  determine  the  glycogen  content 
of  normal  and  pathologic  gingival  tissue  and  traumatized  normal  gingival  tissue. 

EXPERDtfENTAL  PROCEDURE 

According  to  the  voluminous  amount  of  literature  on  the  glycogen  content  of 
tissues,  there  is  considerable  variation  in  the  glycc^en  content  of  different  tissue 
and  in  the  same  types  of  tissue  under  varying  conditions.  According  to  Bomskov 
and  Kaulla  (22)  and  Gutman  (23)  a  great  deal  of  this  inconsistency  is  due  not 
only  to  inadequate  chemical  procedures,  but  also  to  the  method  of  handling  the 
tissue  prior  to  analysis.  Due  to  the  rapid  hydrolysis  of  the  glycogen,  all  tissue 
must  be  excised  rapidly  with  a  sharp  instrument  and  immediately  frozen  if  ac¬ 
curate  results  are  to  be  obtained. 

According  to  Meyer  (24)  and  Gutman,  the  glycogen  may  be  isolated  from  tissue 
by  means  of  30%  potassium  hydroxide  without  appreciable  loss,  after  which  it 
may  be  hydrolyzed  with  hydrochloric  acid  and  determined  as  glucose  according 
to  the  method  of  Folin  (25) .  Considerable  difficulty  was  encountered  in  adapting 
the  methods  to  the  very  small  samples  that  coiild  be  obtained. 

Tissue  was  secured  from  patients  that  applied  to  the  Northwestern  University 
Clinics  for  service.  The  pathological  tissue  was  removed  from  the  gingivae  of 
individuals  suffering  from  chronic  periodontitis  and  who  required  gingival  re¬ 
section.  The  normal  traumatized  tissue  was  secured  by  excising  the  gingivae 
after  the  extraction  of  the  teeth.  The  normal  gingival  tissue  was  secured  by 
judicious  excision  of  gingivae  before  the  extraction  of  contiguous  teeth. 

In  all  cases  the  tissue  was  anesthetized  with  procaine  and  wiped  free  of  saliva 
before  removal,  since  most  saliva  will  hydrolyze  glycogen  very  rapidly.  In  the 
case  of  gingival  resections,  care  was  taken  to  remove  tissue  as  far  as  possible  from 
the  site  of  procaine  injection. 

A  sample  of  10-50  mg.  of  tissue  was  then  rapidly  removed  by  means  of  a  sharp 
instrument  and  placed  immediately  in  a  container  which  had  been  previously 
immersed  in  a  dry  ice-acetone  mixture.  The  tissue  was  thus  rapidly  frozen.  It 
was  kept  in  this  condition  imtil  chemically  analyzed. 

The  tissue,  while  still  in  the  frozen  state,  was  placed  in  a  previously  weighed, 
15  cc.  centrifuge  tube  which  contained  1  cc.  of  30%  potassium  hydroxide.  The 
tube  was  reweighed,  in  order  to  determine  the  exact  amount  of  tissue,  after  which 
it  was  loosely  stoppered  and  placed  in  a  boiling  water  bath  for  1  hour.  One  and 
one-half  cc.  of  ethanol  was  then  added  to  the  solution.  The  contents  of  the  tube 
were  then  heated  in  the  bath  for  1  minute,  after  which  it  was  cooled  under  the 
tap.  At  this  point  the  glycogen  will  flock  from  solution.  The  tube  is  well 
stoppered  and  stored  in  an  icebox  over  night.  (In  this  condition  the  sample  may 
be  stored  for  as  long  as  10  days  without  appreciable  deterioration.) 

The  tube  is  centrifuged  at  3000  R.P.M.  for  15  minutes  and  the  supernatant 
fluid  is  allowed  to  drain  off.  The  precipitate  is  washed  with  2  cc.  of  alcohol  and 
centrifuged  again.  The  alcohol  is  allowed  to  drain  thorou^y  and  1  drop  of 
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phenol  red  is  added.  The  tube  is  heated  in  a  water  bath  to  remove  the  last  traces 
of  alcohol.  The  precipitate  is  acidified  with  concentrated  hydrochloric  acid, 
after  w^ich  2  cc.  of  1  N  hydrochloric  acid  is  added.  (It  was  found  that  in  some 
cases  sufficient  potassium  hydroxide  was  left  in  the  tube  to  materially  decrease  the 
concentration  of  1  N  hydrochloric  acid.  The  concentration  of  the  hydrochloric 
acid  may  be  more  than  1  N  but  should  not  be  less.)  Small  air  condensers  are 
then  inserted  in  the  tubes.  They  are  then  heated  in  a  boiling  water  bath  for  2 
hours.  After  cooling  the  glucose  solution  is  neutralized  with  10%  potassium 


TABLE  I 


Glycogen  content  of  gingival  tissue 


NOSMAX. 

PATHOLOGICAl. 

KOKWAL  Amt 
EXTEACnON 

No. 

33 

81 

20 

Mean 

0.224% 

0.123% 

0.140% 

Median 

0.160% 

0.112% 

0.146% 

Diff.  M  -  M 

0.064 

0.011 

0.006 

Av.  M.  dev. 

0.134 

0.0648 

0.0669 

Av.  dev. 

0.129 

0.0645 

0.0667 

DifiF.  dev. 

0.0002 

2!(dm)* 

1.245 

0.5259 

0.1359 

r(dM)* 

0.0377 

0.00649 

0.00679 

V  diet. 

0.1942 

0.0806 

0.0824 

PE  diet. 

0.131 

0.0544 

0.0556 

e  mean 

0.0343 

0.00901 

0.0189 

PE  mean 

0.0231 

0.00608 

0.0127 

(PE  M)* 

0.000534 

0.000037 

0.00016 

Range 

0.030-0.418 

0.042-0.204 

0.058-G.222 

%  within  range 

88% 

68% 

70% 

n:p 

natnA 

(PE  M)*  -1-  (PE  M)* 

0.000571 

0.000550 

^(PE  M)*  +  (P  EM)* 

0.0239 

Diff.  M  -  M 

0.101 

0.084 

c.  r. 

4.23 

3.58 

Significance 

Yes 

Yes 

hydroxide,  and  1  cc.  of  4%  ferric  cyanide  and  2  cc.  of  cyanide  carbonate  solution 
are  added.  The  tubes  are  loosely  stoppered  and  heated  in  a  water  bath  for  8 
minutes.  A  blank  containing  2  cc.  of  1  N  hydrochloric  acid  is  run  concurrently 
with  the  test  samples.  After  the  8  minute  heating  period,  the  tubes  are  tightly 
stoppered  and  rapidly  cooled  under  cold  water.  The  contents  of  the  tube  are 
transferred  quantitatively  with  thrice  rinsing  to  a  previously  prepared  100  cc. 
volumetric  flask.  The  flask  sliould  contain  5  cc.  of  ferric  sulfate  solution  and 
about  40  cc.  of  distilled  water..  (If  the  ferric  solution  is  added  directly  to  the 
reduction  mixture  as  described  by  Todd  and  Sanford  (23)  a  precipitate  frequently 
results.)  The  volume  is  made  up  to  100  cc.  with  distilled  water  and  the  color 
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intensity  estimated  with  a  spectrophotometer  at  700  m/x  or  in  a  Cenco  Sheard 
colorimeter  with  a  red  filter.  The  absorption  band  is  rather  broad  so  that  either 
instrument  is  satisfactory. 

For  the  preparation  of  a  concentration  curve,  commercial  glycogen  is  purified 
and  well  dried.  It  is  then  subjected  to  the  above  procedure. 

The  results  were  calculated  in  per  cent  glycogen  in  the  tissue.  The  results  are 
shown  in  Table  I. 

DISCUSSION 

The  results  indicate  that  pathological  gingival  tissue  is  markedly  deficient  in 
glycogen,  while  surgically  traumatized  tissue  is  about  half  as  deficient.  Whether 
or  not  this  condition  is  the  cause  or  the  effect  of  the  condition  is  not  known,  but 
there  are  several  aspects  of  the  problem  which  seem  to  correlate  very  well.  In  the 
first  place,  all  those  factors  which  on  a  clinical  basis  seem  to  be  causes  or  con¬ 
tributing  factors  in  chronic  periodontitis,  such  as  mechanical  irritation,  whether 
from  calculus,  trauma,  bacterial  infection,  or  some  endocrine  disturbance,  and 
dietary  deficiencies,  will  alter  or  disturb  the  glycogen  content  of  the  tissues.  In 
the  second  place,  the  absence  of  glycogen,  a  potential  source  of  sugar,  seems  to 
promote  protein  breakdown  and  putrefaction.  On  the  basis  of  tlys,  it  may  well 
be  that  the  various  putrefactive  complications  of  untreated  diabetes,  the  failure 
of  vitamin  C  deficient  tissue  to  heal  (26),  and  alkaline  reaction  in  non-healing 
tooth  sockets  (27)  may  be  associated  with  a  decrease  in  glycogen  content  of  the 
tissues.  Furthermore,  a  low  tissue  glycogen  may  be  responsible  for  the  terrible 
periodontal  conditions  of  the  obviously  malnourished  prisoners  of  war  (28,  29). 
Obviously,  before  any  definite  conclusions  can  be  made,  much  more  research  on 
these  problems  must  be  conducted. 

SUMMARY 

The  glycogen  content  of  chronically  irritated  periodontal  tissue,  normal 
gingival  tissue  and  traumatized  gin^val  tissue  has  been  determined.  There  is  a 
statistically  significant  difference  in  the  glycogen  content  of  these  tissues. 
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During  our  investigation  of  dental  caries  preliminary  experiments  revealed 
that  caries  inactive  individuals  have  enzyme  systems  capable  of  converting 
several  amino  acids  to  ammonia  (1, 2).  The  presence  of  these  amino  acids  in  the 
saliva  previously  had  not  been  reported.  The  reason  that  our  knowledge  on  this 
subject  is  incomplete  can  be  explained  in  part  by  the  lack  of  proper  analytical 
procedures.  Micro-biological  methods  for  the  estimation  of  amino  acids  are  now 
well  established  (2),  and  have  been  found  to  afford  easier  and  simpler  procedures 
by  which  the  amino  acid  content  of  body  fluids  can  be  determined. 

EXPERDKENTAL 

A  group  of  18  University  staff  members  and  students  volunteered  to  supply  the 
sahva  samples.  This  group  was  classified  according  to  their  caries  activity  into 
inactive,  moderately  active,  and  very  active  as  determined  by  roentgenographic 
and  laboratory  tests.  L.  acidophUus  counts  were  made  on  each  specimen  of 
saliva.  The  basis  for  this  classification  was  as  follows:  Caries  inactive — L.  acidoph¬ 
ilus  counts,  negative.  No  lesions  for  5  years  preceding  the  investigation; 
moderately  active — Clinical  and  X-ray  findings  of  1  to  3  lesions  or  recent  fillings 
and  L.  acidophilus  counts  not  over  50,000  per  ml.  of  saliva;  Very  active — Four  or 
more  lesions  or  fillings  during  the  year  prior  to  the  investigation  and  L.  acidophilus 
count  of  over  50,000  per  ml.  of  saliva.  Six  of  the  group  were  foupd  to  be  free  of 
caries,  7  were  modwately  active,  and  5  very  active.  Special  diets  were  not  gpven. 

Saliva  samples  were  collected  2  hours  after  the  morning  meal.  Three  minute 
specimens  (parafiSn-stimulated)  served  as  samples  for  the  L.  acidophilus  counts 
and  as  a  vehicle  for  removing  food  debris  from  the  mouth.  The  next  40  ml.  of 
sahva  were  collected  in  sterile  containers  and  autoclaved  immediately  at  15 
poupds  for  15  minutes  and  stored  in  the  refrigerator  prior  to  analysis  for  not 
longer  than  24  hours.  The  autoclaving  did  not  hydrolyze  any  of  the  salivary 
proteins,  since  samples  which  were  analyzed  immediately  after  collection  gave  the 
same  anal3i;ical  results  whether  they  were  autoclaved  or  not.  Sterility  tests  were 
carried  out  after  each  autoclaving.  Fresh  samples  of  saliva  were  collected  for 
each  amino  acid  assay. 

The  pH  of  the  saliva  was  adjusted  to  6.8.  The  saliva  was  then  diluted  with 
distilled  water  and  used  in  the  proper  dilutions  for  the  amino  add  determinations. 

*  Read  at  the  XXV  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  June  21,  1947.  Received  for  publication  May  12,  1947. 
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For  the  aaa&ya  proper  a  particular  strain  of  a  test  organism  (L.  casei,  L.  arabino- 
8U8,  L.  deJbruckii,  L.  meaenteroides)  is  inoculated  into  a  special  medium  contfuned 
in  a  series  of  tubes,  each  tube  containing  increasing  amounts  of  the  amino  add 
under  test  as  the  sole  limiting  growth  factor.  These  tubes  are  incubated  for  72 
hours  and  the  acid  produced  is  titrated  with  standard  sodium  hydroxide.  A 
curve  is  constructed  by  plotting  the  number  of  ml.  of  the  alkali  against  each  level 
of  the  amino  add  tested.  Within  certain  limits  this  acid  production  is  quantita¬ 
tive  and  the  amino  acid  content  of  the  unknown  specimen  is  readily  determined 


Fin.  Standard  curve  obtained  with  1.  Histidine 


from  the  standard  curve.  Tubes  were  run  in  duplicate  at  each  level  of  the  amino 
add  standard  and  the  unknown.  Enough  aliquots  of  the  saliva  dilution  were 
assayed  to  represent  at  least  3  levels  on  the  curve.  Fig.  1  represents  a  typical 
standard  curve  for  histidine. 

Tryptophane  and  glutamic  acid  were  assayed  according  to  the  methods  d 
Baumgarten,  Garey,  Olsen,  Stone  and  Boneff  (3),  lysine,  tyrosine  and  glycine  by 
the  method  of  Dunn,  Shakman,  Camien,  Frankl  and  Rockland  (4),  valine  and 
arginine  by  the  method  of  MacMahan  and  Snell  (5),  phenylalanine  by  the  method 
of  Shankman,  et  al  (6),  threonine  by  the  method  of  Greenhut  (7),  and  proline. 
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leucine,  isoleucine,  serine,  cystine,  methionine  and  histidine  according  to  a  modifi¬ 
cation  of  Dunn  method  developed  in  our  laboratory  (8). 

The  various  amino  acids  found  in  human  saliva  are  shown  in  Table  I.  All 
values  are  expressed  as  mg.  %  and  in  terms  of  1-amino  acids. 

TABLE  I 


Variation  in  the  amino  acid  content  of  human  eaUoa 


AMIMO  ACID 

MO.%  01  AmMO  ACID 

Insctivc  6  Sabjects 

Modmtrhr  Active 

7  subjects 

Very  Active 

S  subjects 

0.23-0.48 

0.2-0. 9 

0.12-0.55 

3. 3-8.6 

4. 2-7.0 

5.0-10.0 

1.0-1. 6 

0.7-2. 2 

0.9-2. 2 

4.0-8. 0 

3.0-12.5 

5.0-12.6 

PhAnylalRnine . 

0.6-1.75 

0.65-2.0 

1.35-2.5 

Threonine . 

0. 6-5.6 

0.4-2. 7 

0.4-5. 5 

0.25-1.5 

b.4-1.4 

0.45-1.2 

1.9-10.0 

2.9-13.6 

2.5-15.5 

0.2-0. 3 

0.2-0. 6 

0. 4-1.0 

0.6-1. 5 

0.5-0. 7 

0.35-0.8 

0.05-0.2 

0.05-0.3 

0.025-0.075 

Serine . 

1.5-1. 8 

1.6-1. 8 

1.0-1.6 

0.2-0. 6 

0. 4-0.7 

0.5-0.9 

0.20-0.40 

0.17-0.45 

0.16-0.35 

Histidine . 

0.4-1. 3 

0.35-2.0 

0.45-1.6 

Methionine . 

less  than 

less  than 

less  than 

0.05 

0.05 

0.05 

DISCUSSION 

At  least  16  amino  acids  have  been  found  to  be  present  in  saliva.  The  varia¬ 
tions  as  shown  in  Table  I  occurred  irrespective  of  caries  activity.  In  2  cases,  1 
caries  active  and  1  caries  free,  salivas  were  assayed  for  glutamic  acid  and  trypto¬ 
phane  using  samples  of  saliva  collected  at  various  times  during  a  24  hour  period. 
The  glutamic  acid  content  varied  from  4  to  8.2  mg.  %  for  the  caries  inactive,  and 
from  11.5  to  23  mg.  %  for  the  caries  active,  while  the  tryptophane  values  »^nged 
from  0.175  to  0.235  mg.  %  for  the  caries  inactive  and  from  0.5  to  1.35  mr  %  for 
the  active.  The  lowest  values  in  both  cases  were  observed  for  the  aft^^moon 
samples,  and  the  highest  for  the  early  morning  specimens.  These  variati'^ns  are 
8ho^^^l  in  Table  II. 

There  are  many  factors  that  influence  the  secretion  and  consequently  tho  con¬ 
centrations  of  the  various  components  of  saliva.  The  volume  of  saliva  secreted 
during  a  definite  time  may  differ  in  different  individuals  and  the  amount  cl  any 
<rf  the  constituents  in  saliva  may  or  may  not  be  the  same.  It  was  decided,  there¬ 
fore,  to  collect  saliva  samples  from  various  persons  during  a  definite  time  period. 
The  amino  acid  content  of  saliva  could  then  be  calculated  on  a  time  basis.  Table 
III  shows  the  results  on  4  amino  acids  expressed  in  meg.  per  minute.  Again  a 
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correlation  between  caries  activity  and  amino  acid  content  of  the  saliva  could  not 
be  established. 

For  reasons  of  expediency  all  the  samples  of  saUva  were  collected  2  hours  after 
breakfast.  This  particular  sample  seems  to  represent  more  of  an  average  so  far 

TABLE  II 


Variations  in  tryptophane  and  glutamic  add  content  of  salipa  during  a  H  hour  period 


SAMPLES  COLLECTED 

KO.  %  or  THE  AMIMO  ACU> 

Subject  A  Immune  | 

Subject  B  Caries  Active 

GluUmic  Acid 

Tryptophune 

GluUmic  Acid 

Tiyptopbane 

7  a.m. 

8.2 

0.325 

23.0 

1.35 

10  a.m. 

5.0 

0.225 

14.0 

0.575 

3  p.m. 

4.0 

0.175 

11.5 

0.50 

9  p.m. 

6.5 

0.20 

20.5 

0.60 

TABLE  III 

Salivary  amino  acid  excretion  per  minute  micrograms  of  amino  adds 


MCC.  OP  GLYCna 

TYE08INE 

LYSXNE 

TBKEONIMl 

59.2 

17.1 

74.5 

43.0 

Caries  Inactive 

47.5 

24.0 

148.0 

58.9 

Moderately  Active 

57.2 

4.03 

9.5 

118.4 

5.9 

32.5 

113.3 

15.1 

21.2 

16.9 

Very  Active 

51.8 

13.2 

15.1 

90.0 

59.10 

17.5 

16.4 

24.5 

19.9 

20.9 

27.0 

The  results  expressed  in  this  table  are  derived  as  follows: 
a  >■  ml.  of  saliva  collected  during  a  definite  period  of  time  (minutes), 
b  ~  time  in  minutes  during  which  the  saliva  was  collected, 
c  ■>  concentration  in  meg.  of  the  amino  acid  per  ml.  of  saliva, 
d  «  meg.  of  amino  acid  excreted  per  minute. 

,  c  X  a 

"IT 

as  the  amino  acid  content  is  concerned.  The  variations  from  individual  to  indi¬ 
vidual  which  were  found  may  be  due  to  the  differences  in  the  diet,  metabolic  rates 
of  the  person,  as  well  as  the  nutritional  requirements  of  the  oral  flora.  This 
latter  phase  is  under  investigation  now. 

The  fact  that  saliva  contains  many  of  the  constituents  present  in  blood  has 
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suggested  the  possibility  that  the  salivary  determination  of  such  constituents  may 
be  of  diagnostic  value.  However,  the  irregular  fluctuation  in  the  saliva  of  these 
constituents  has  led  to  failure  to  find  a  constant  relationship. 

When  the  concentrations  of  amino  acids  in  saliva  are  compared  with  the  c(m- 
centrations  of  these  substances  in  blood  plasma  reported  by  Hier  and  Bei^eim 
(9)  no  direct  relationship  can  be  established.  Most  of  the  values  are  lower  for 
saliva.  The  concentrations  of  valine,  phenylalanine,  and  threonine  are  of  about 
the  same  magnitude  for  saliva  and  plasma,  while  the  concentration  of  histidine, 
leucine,  isoleucine,  lysine,  tiyptophane,  and  tyrosine  are  lower  for  saliva  than  the 
blood  plasma  values  reported  by  Hier  and  Bergeim  (9).  Arginine  on  the  other 
hand  was  found  to  be  present  in  the  saliva  in  much  higher  concentration  than  in 
the  plasma.  (Saliva — mean  value,  6  mg.  %.  Blood  plasma — 2.32  mg.  %.) 

SUMMARY 

The  presence  of  16  amino  acids  in  human  saliva  as  determined  by  microbiologi¬ 
cal  methods  has  been  reported. 

Variations  in  the  concentration  of  these  acids  were  independent  of  caries 
activity. 

The  authors  gratefully  acknowledge  the  technical  assistance  of  Mrs.  Geneva  Anderson* 
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THE  EFFECT  OF  AMINO  ACIDS  ON  THE  RATE  OF  ACID 
FORMATION  IN  SALIVA^* 

J.  C.  CALANDRA  and  L.  S.  FOSDICK 
Chemistry  Department,  Norikwestem  University  Dental  School,  Chicago,  III. 

In  1946  Kesel,  O’Donnell,  Kirch  and  Wach  (1)  showed  that  ammonia,  in  a  con¬ 
centration  of  5  mg./lOO  cc.,  would  completely  inhibit  the  growth  of  B.  acidophUui 
in  saliva,  and  suggested  that  the  source  of  ammonia  was  salivary  urea  and  amino 
acids.  It  was  further  shown  that,  although  this  concentration  of  ammonia  would 
prevent  the  growth  of  acidophilus,  it  had  no  appreciable  effect  on  the  rate  of  lactic 
acid  formation  (2),  except  in  very  hi^  concentrations.  Mixtures  of  diabasic 
ammonium  phosphate  and  urea  (3),  in  concentrations  su^&cient  to  produce  35 
mg.  ammonia  nitrogen  per  100  cc.  of  saliva,  would  completely  inhibit  both  acid 
formation  and  bacterial  growth. 

It  b  quite  possible  that  ammonia  formation  in  the  mouth  may  explain  the  im¬ 
munity  of  certain  people  to  dental  caries,  as  well  as  the  low  acidophilus  count  in 
the  saliva  of  these  individuab.  Even  if  the  acid  formation  were  not  inhibited, 
the  ammonia  could  readily  neutralise  the  adds  as  fast  as  they  form.  Thb  cannot 
be  the  only  mechanism  associated  with  caries  immunity  because  the  ammonia 
content  of  the  saliva  of  caries  immune  individuab  b  not  significantly  different 
from  that  in  caries  active  saliva.  Furthermore,  there  b  a  definite  difference  in 
the  rate  of  lactic  add  formation  in  the  2  types  of  saliva  (4). 

In  view  of  the  above,  the  differences  in  the  rate  of  acid  formation  may  be  due 
to  some  as  yet  undiscovered  inhibitor  or  to  a  defident  ensyme  or  co-ens3rme  sys¬ 
tem.  It  may  well  be  thiit,  although  the  B.  acidophilus  count  b  an  excellent  cri¬ 
terion  of  caries  activity,  it  may  not  be  directly  associated  with  the  actual  forma¬ 
tion  of  acid  in  the  saliva. 

In  so  far  as  Kesel,  O’Donnell,  Kirch  and  Wach  found  that  there  was  a  signifi¬ 
cant  concentration  of  amino  acids  in  saliva  and  that  they  were  generally  not 
readily  deaminixed  (5),  it  was  thought  that  perhaps  they  might  have  actual  in¬ 
hibitory  action  on  the  acid  formation  in  saliva.  For  thb  reason,  17  of  the  avail¬ 
able  amino  acids  were  tested  for  inhibitory  action. 

EXPERIMENTAL 

The  experimental  procedure  was  exactly  the  same  as  in  the  previous  work  of 
thb  type  (6).  Saliva  was  gathered  by  paraffin  stimulation  and,  after  the  addition 
of  the  test  material,  sugar  and  powdered  enamel,  was  incubated  with  constant 
shaking  at  37‘’C.  The  usual  controb  were  run  simultaneously.  The  difference 

*  This  work  was  supported,  in  part,  by  a  grant  from  The  Good  Tooth  Council  for 
Children. 

*  Received  for  publication  June  25,  1947. 
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TABLE  I 


Effect  of  amino  aeide  on  acid  formation  in  saliva 


TUBE 

AMOUNT  ADDED 

CALCIUM 

Alanine 

mg./ too  cc. 

mU/L. 

mg./ too  cc. 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

22.5 

2. 

20 

2.25 

21.0 

3. 

60 

6.75 

21.0 

4. 

80 

8.90 

21.0 

5. 

120 

13.50 

21.0 

Threonine 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

11.5 

2. 

20 

1.68 

9.0 

3. 

40 

3.36 

7.0 

4. 

60 

5.04 

6.0 

5. 

80 

6.72 

5.5 

6. 

120 

10.08 

5.0 

Arginine 'HCl 

Fresh  saliva 

5.0 

1.  Control 

0 

0.00 

18.0 

2. 

20 

0.65 

18.0 

3. 

40 

1.90 

17.0 

4. 

60 

2.85 

17.0 

5. 

80 

3.80 

18.0 

6. 

120 

5.70 

17.0  ' 

Lysine 

Fresh  saliva 

9.0 

1.  Control 

0 

0.00 

22.5 

2. 

20 

1.36 

21.0 

3. 

60 

4.08 

20.5 

4. 

80 

5.44 

20.5 

5. 

120 

8.16 

18.5 

Glutamic  Acid 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

23.5 

2. 

20 

1.36 

21.0 

3. 

60 

4.08 

21.0 

4. 

80 

5.44 

22.5 

5. 

120 

8.16 

22.5 

AMINO  acids:  rate  op  acid  formation  in  saliva 
TABLE  I — Continued 
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AMOUNT  ADMO 


Histidine  •2HC1 


mt./tOOcc. 

mUH. 

mt./tOO  tc. 

Fresh  saliva 

6  0 

1.  Control 

0 

0.00 

24.5 

2. 

20 

0.87 

24.0 

3. 

60 

2.64 

25.0 

4. 

80 

3.51 

25.0 

5. 

120 

5.28 

26.0 

Methionine 

Fresh  saliva 

6  5 

1.  Control 

0 

0.00 

23.0 

2. 

20 

1.34 

23.0 

3. 

40 

2.68 

23.0 

4. 

60 

4.02 

23.5 

5. 

80 

5.36 

23.5 

6. 

120 

8.04 

21.0 

C}r8teine 


Fresh  saliva 

7.0 

1.  Control 

0 

0.00 

22.0 

2. 

20 

1.65 

14.0 

3. 

40 

2.30 

13.0 

4. 

60 

3.95 

15.0 

5. 

80 

4.60 

15.0 

6. 

120 

9.90 

16.5 

Phenylalanine 

Fresh  saliva 

6  0 

1.  Control 

0 

0.00 

17.5 

2. 

20 

1.21 

15.0 

3. 

40 

2.42 

14.5 

4. 

60 

3.63 

15.0 

5. 

80 

4.84 

7.0 

6. 

120 

7.26 

7.0 

Hydroxyproline 

Fresh  saliva 

5  5 

1.  Control 

0 

0.00 

21.5 

2. 

20 

1.53 

19.5 

3. 

40 

3.06 

19.5 

4. 

60 

4.59 

19.0 

5. 

80 

6.12 

11.0 

6. 

120 

9.18 

10.0 
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Fresh  saliva 

1.  Control 

2. 

3. 

4. 

5. 

6. 


TABLE  I — Continued 


AMOimT  ADDSO 


Tryptophane 


mtJlOO  cc. 

Fresh  saliva 

1.  Control 

0 

2. 

20 

3. 

40 

4. 

60 

5. 

80 

6. 

120 

mU/L. 

0.00 

0.98 

l.% 

2.94 

3.92 

5.88 


Norleucine 


Valine 

Fresh  saliva 

1.  Control 

0 

0. 

2. 

20 

1. 

3. 

40 

3. 

4. 

60 

5. 

5. 

80 

6. 

6. 

120 

10. 

Glycine 

Isoleucine 


0 

20 

40 

60 

80 

120 


0.00 

1.53 

3.06 

4.59 

6.12 

9.18 


Ajumo  acidb:  rate  of  Aao  formation  in  saliva 
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TABLE  1 — Concluded 


AHOTTin  AODBP 


CAicnm 


Tyrofline 


mt-IIOO  u. 

mUIL. 

mt  /toe  u. 

Fresh  saliva 

6.0 

1.  Control 

0 

24.5 

2. 

20 

24.5 

3- 

40 

24.5 

4. 

60 

7.41 

22.0 

5. 

80 

9.88 

19.0 

6. 

120 

14.82 

16.0 

Aspartic  Acid 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

24.5 

2. 

20 

1.50 

24.5 

3. 

40 

3.00 

24.0 

4. 

60 

4.50 

24.0 

5. 

80 

6.00 

23.0 

6. 

120 

9.00 

23.0 

n  the  calcium  content  of  the  test  samples  and  the  controls  is  a  function  of  the 
acids  formed.  It  is  realized  that  in  these  cases  there  is  a  possibility  that  the 
amino  acids  may  be  deaminized  in  the  process,  thus  liberating  ammimia  and  pre¬ 
venting  decalcification  by  neutralizing  the  acids.  For  this  reason,  in  those  cases 
where  an  inhibition  was  obserx  ed,  lactic  add  analyses  were  also  performed.  In 
DO  case  was  the  action  due  to  a  deaminization.  ‘  The  results  are  in  Table  I. 


RESULTS 

It  was  noted  that  of  all  the  amino  acids  tested,  only  valine,  norleucine,  phenyl¬ 
alanine,  and  threonine  had  an  appreciable  enz3rme  inhibitinga  ction,  while  hydrox- 
yproline,  tryptophane  and  isoleucine  had  a  very  mild  effect.  It  should  be  noted 
that  in  all  cases  it  required  rather  high  concentrations  of  the  amino  add  to  pro¬ 
duce  appredable  inhibition.  Norleucine  and  valine  required  a  concentration  of 
40  mg./ 100  cc.,  while  threonine  required  20  mg./ 100  cc.  The  others  that  pro¬ 
duced  an  inhibition  required  an  even  higher  concentration.  It  is  quite  unlikely 
that  saliva  could  have  any  of  the  above  amino  adds  in  such  large  concentrations, 
as  the  more  common  amino  adds  are  found  in  saliva  in  much  lower  concentration 
(5).  On  this  basis  it  seems  unlikely  that  the  amino  adds  in  saUva  may  be  respon¬ 
sible  for  the  decreased  rate  of  acid  formation  in  immune  saliva. 

SUMMARY 

The  effect  of  17  amino  adds  on  the  rate  of  acid  formation  in  saliva-glucose- 
enamel  mixtures  has  been  studied.  It  was  found  that  valine,  norleucine,  phenyl¬ 
alanine  and  threonine  had  an  inhibitory  effect.  The  concentration  necessary 
to  produce  this  effect  was  too  great  to  be  a  likely  cause  of  acid  inhibition  in  saliva. 
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the  effect  of  some  chemicals  on  the  rate  of  acid 

FORMATION  IN  SALIVA^ 

L.  S.  FOSDICK  AKD  J.  C.  CALANDRA 
Chemittry  Department,  Northwestern  University  Dental  Sdiool,  Chseago,  lU. 

When  it  was  found  that  lactic  acid  formation  in  the  mouth  is  the  result  of  an 
anaerobic  enzymic  degradation  of  carbohydrates  (1,  2),  it  was  thought  that  the 
use  of  enzyme  inhibitors  might  be  a  practical  method  for  the  prevention  of  dental 
caries  (3).  Several  enzyme  inhibitors  have  been  employed  for  this  purpose,  but 
in  most  cases,  as  in  the  use  of  fluorides  (4)  or  urea  (5),  the  substance  had  other 
than  inhibitory  action  and  hence  the  actual  mechanism  of  the  treatment  was  in 
doubt.  In  1942  it  was  found  that  2-methyl-l  ,4-naphthoquinone  had  an  uncom¬ 
plicated  enz3me  inhibitory  action  which  would  inhibit  acid  formation  in  saliva 
sdutions  in  concentrations  as  low  as  1  mg./ 100  cc.  (6).  This  inhibitor  was  subse¬ 
quently  tested  clinically  with  remarkable  success  (7);  however,  it  was  found  that 
in  this  experiment  the  effect  was  not  purely  inhibitory.  Due  to  war  conditions,  it 
was  necessary  to  introduce  calcium  carbonate  into  the  vehicle  with' the  vitamin 
K,  and  hence  the  over-all  action  was  a  neutralization  of  acid  as  well  as  a  preven¬ 
tion  of  acid.  However,  the  clinical  results  of  the  test  material  were  so  in  agree¬ 
ment  with  the  laboratory  results  that  it  was  thought  that  the  clinical  results  were 
significant  in  reflecting  the  true  action  of  the  enzyme  inhibitor. 

In  view  of  the  fact  that  the  synthetic  vritamin  K  is  a  true  enzyme  inhibitor,  that 
it  does  prevent  acid  formation  in  saliva  in  low  concentrations,  and  that  when  used 
clinically  is  probably  the  cause  of  caries  inhibition,  it  w'as  thought  that  as  many 
inhibitors  as  possible  should  be  made  available  to  the  dental  professicxi.  Fur¬ 
thermore,  the  synthetic  vitamin  K  has  an  objectionable  taste  that  is  difficult  to 
mask,  so  that  it  cannot  be  used  in  all  sugar-containing  preparations.  The  ideal 
inhibitor  would  be  one  that  could  safely  be  placed  in  all  sugar  during  the  sugar 
refining  process  and  hence  be  present  in  all  sugar  or  sugar-containing  confections, 
and  thus  render  such  substances  harmless  in  regard  to  dental  caries.  In  so  far  as 
it  is  thought  that  the  inhibitory  action  of  the  vitamin  K  is  due  to  its  high  oxida¬ 
tion  potential,  many  other  quinones,  peroxides  and  aldehydes  were  tested.  In 
this  work  the  following  compounds  w’ere  tested:  Alperox  C;  Lucidol;  n-Heptyl- 
resorcinol;  3 ,5-Dimethylphenol;  Phthiocol;  2-Methyl-l  ,4-naphthoquinone  oxide; 
1,4-Naphthoquinone;  1,2-Naphthoquinone;  1 ,2-Naphthqpuinone  sodium  bisul¬ 
fite  compound;  4-Amino-l-naphthol  hydrochloride;  p)-Fluorobenzoic  acid; 
Luperco;  p-Hydroxybenzoic  acid;  2-Flu oro-1 ,4-naphthoquinone;  2-Fluoro-l  ,4- 
naphthoquinone  sodium  bisulfite;  Nitrosoguanidine;  Dicyandiamide;  Guanidine 

*  This  work  was  partially  supported  by  a  grant  from  the  Good  Teeth  Council  for  Children. 
Received  for  publication  June  25,  1947. 
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TABLE  I 

The  effect  of  various  chemicals  on  the  rate  of  acid  formation  in  saliva 


AMOUlrr  ADDED 


Alperox  C* 


Lucidol** 


n-Heptylchlororesorcinol 


mt./IOO  cc. 

mUIL. 

mt./tOO  ce. 

Fresh  saliva 

7.5 

1.  Control 

0 

0.00 

25.0 

2. 

10 

0.24 

18.0 

3. 

20 

’  0.48 

15.1 

4. 

30 

0.72 

10.0 

5. 

40 

0.96 

9.5 

6. 

50 

1.20 

9.5 

7. 

60 

1.44 

9.0 

8. 

80 

1.92 

9.0 

Fresh  saliva 

8.0 

1.  Control 

0 

0.00 

18.0 

2. 

2.86 

0.18 

9.5 

3. 

5.72 

0.26 

8.0 

4. 

8.58 

0.44 

8.0 

5. 

11.44 

0.52 

5.0 

6. 

14.30 

0.70 

4.8 

7. 

17.16 

0.88 

4.0 

Fresh  saliva 

6.5  ■ 

1.  Control 

0 

0.000 

25.0 

2. 

10 

0.413 

5.0 

3. 

20 

0.826 

3.0 

4. 

30 

1.239 

3.0 

5. 

40 

1.652 

3.0 

6. 

60 

2.478 

3.0 

7. 

80 

3.304 

3.0 

8. 

100 

4.130 

3.0 

3 , 5-DiiDethylphenol 


Fresh  saliva 

7.5 

1.  Control 

0 

0.000 

25.0 

2. 

10 

0.820 

13.5 

3. 

20 

1.640 

13.2 

4. 

s 

30 

2.460 

11.3 

5. 

40 

3.280 

10.2 

6. 

60 

5.920 

3.0 

7. 

80 

6.560 

2.5 

8. 

100 

9.200 

2.0 

CO  lO 


TABLE  I — Continued 


AMOTHT  ADDED 


Phthiocol 


mg. /too  u. 

mMiL. 

wn./too  cc. 

Fresh  saliva 

8.0 

1.  Control 

0 

0.000 

18.0 

2. 

1.43 

0.076 

13.5 

3. 

2.86 

0.152 

10.0 

4. 

3.29 

0.228 

10.0 

6. 

5.72 

0.304 

9.0 

6. 

7.15 

0.380 

9.0 

7. 

8.58 

0.456 

7.6 

2-Methyl-l,4'naphthoquinone  Oxide 

Fresh  saliva 

8.0 

1.  Control 

0 

0.000 

18.0 

2. 

1.43 

16.5 

3. 

2.86 

0.152 

13.5 

4. 

3.29 

0.228 

4.0 

6. 

5.72 

0.304 

2.0 

6. 

7.15 

0.380 

2.0 

7. 

8.58 

0.456 

1.5 

1 , 4-Naphthoquinone 

Fresh  saliva 

6.0 

1.  Control 

0 

0.000 

17.0 

2. 

3.6 

0.278 

4.5 

3. 

7.2 

0.556 

3.5 

4. 

14.4 

1.102 

3.0 

5. 

21.6 

1.658 

2.5 

6. 

28.8 

2.202 

2.0 

1 , 2-Naphthoquinone 

Fresh  saliva 

6.5 

1.  Control 

0 

0.000 

17.0 

2. 

5 

0.633 

6.0 

3. 

10 

1.266 

3.0 

4. 

15 

1.899 

2.0 

5. 

20 

2.532 

2.0 

6. 

40 

5.064 

2.0 

7. 

80 

10.128 

2.0 

1,2-Naphthoquinoae  Sodium  Bisulfite  Compound 


Fresh  saliva 
1.  Control 


6.5 

0 

0.000 

16.0 

10 

0.397 

3.5 

20 

0.794 

3.5 

30 

1.191 

3.0 

40 

1.488 

4.5 

50 

1.885 

4.5 

TABLE'  I — Continiud 


AMOCIIT  ADDXD 


4-Amino-l-naphthol  Hydrochloride 


p-Fluorobenxoic  Acid 


Lupercot 


mt./lOO  u. 

mU.'L. 

mt'/IOO  u. 

Fresh  saliva 

5.5 

1.  Control 

0 

0.000 

19.0 

2. 

3.6 

0.511 

3.0 

3. 

7.2 

1.022 

2.5 

4. 

14.4 

2.044 

2.5 

5. 

21.6 

3.066 

3.0 

6. 

28.8 

4.088 

3.0 

Fresh  saliva 

8.0 

1.  Control 

0 

0.000 

21.0 

2. 

10 

0.714 

16.0 

3. 

20 

1.428 

10.5 

4. 

40 

2.856 

10.0 

5. 

60 

4.284 

8.1 

6. 

80 

5.712 

6.0 

7. 

100 

7.140 

4.4 

Fresh  saliva 

8.0 

1.  Control 

0 

tt 

21.0 

2. 

10 

17.0 

3. 

20 

16.0 

4. 

40 

15.0 

5. 

60 

14.0 

6. 

80 

11.0 

7. 

100 

10.0 

p-Hydroxybenzoic  Acid 


Fresh  saliva 

6.0 

1.  Control 

0 

0.000 

11.0 

2. 

10 

0.725 

8.2 

3. 

20 

1.450 

8.0 

4. 

40 

8.0 

5. 

60 

4.350 

8.0 

6. 

80 

5.800 

8.0 

7. 

100 

7.250 

8.0 

2-Fluoro-l  ,4-napbtboquinoDe 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

14.5 

2. 

5 

0.28 

2.5 

3. 

10 

0.57 

2.5 

4. 

20 

1.14 

2.0 

5. 

30 

1.71 

2.5 

6. 

40 

2.28 

3.0 
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TABLE  I — Continued 


TUBE 

AMOUNT  \I>OBD 

OOCIUIC 

2-Fluoro-l, 4-naphthoquinone  Sodium  Bisulfite 

mt.HOO  ce. 

mM/L. 

mt./l00  u. 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

15.0 

2. 

10  / 

0.36 

12.5 

3. 

20 

0.72 

15.0 

4. 

40 

1.44 

6.5 

5. 

60 

2.16 

4.5 

Nitrosoguaaidine 

Fresh  saliva 

6.5 

1.  Control 

0 

0.00 

20.0 

2. 

5 

0.56 

20.0 

3. 

10 

1.12 

19.5 

4. 

20 

2.24 

16.5 

5. 

30 

3.36 

14.0 

6. 

40 

4.48 

10.0 

7. 

80 

8.96 

10.0 

Dicyandiamidet 

Fresh  saliva 

6.0 

1.  Control 

0 

12.5 

2. 

8 

0.95 

10.0 

3. 

16 

1.90 

10.5 

4. 

32 

3.80 

11.5 

5. 

48 

6.70 

9.0 

6. 

64 

7.60 

14.0 

7. 

80 

9.50 

12.5 

Guanidine  Carbonatet 

Fresh  saliva 

6.5 

1.  Control 

0 

0.00 

16.0 

2. 

20 

1.64 

14.5 

3. 

40 

3.28 

13.0 

4. 

80 

6.56 

8.5 

5. 

120 

9.84 

2.5 

Thiourea 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

14.5 

2. 

20 

2.62 

14.5 

3. 

60 

7.86 

17.0 

4. 

80 

10.48 

15.5 

5. 

120 

15.72 

11.5 
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TABLE  I— Continued 


AIIOCXT  AUDIO 

CALOUli 

Sodium  Salicylate 

Fresh  saliva 

1.  Control 

2. 

3. 

4. 

5. 

6. 

mt./iOO  cc. 

0 

20 

40 

60 

80 

120 

mti/L. 

0.00 

1.24 

2.48 

3.72 

4.96 

7.44 

Sttlfasollt 

1 

irftnoo  cc.  1 

Azochloramidtt 


mt./IOO  cc. 

mMIL. 

0 

0.00 

10 

0.50 

30 

1.50 

40 

2.00 

60 

3.00 

Fresh  saliva 

1.  Control 

2. 

3. 

4. 

5. 


6.0 

16.0 

3.0 

3.0 

2.5 

2.5 


Guanidine  Nitrate^ 
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TABLE  I — Continued 


TUBE 


AMOm  ADDED 


CALCIUM 


Nitroaminogusnidine 


mt.ilOO  (c. 

mM/L 

mt./100  cc. 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

18.0 

2. 

10 

0.84 

18.5 

3. 

20 

1.68 

19.0 

4. 

40 

3.36 

18.5 

5. 

60 

5.04 

19.5 

6. 

80 

6.72 

19.0 

Quinine 'HCl 


Fresh  saliva 

6.5 

1.  Control 

0 

0.00 

20.0 

2. 

20 

0.50 

4.0 

3. 

60 

1.52 

3.5 

4. 

80 

2.02 

3.0 

5. 

120 

3.04 

3.5 

Formaldehyde 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

25.0 

2. 

12.6 

4.20 

4.0 

3. 

25.2 

8.40 

3.0 

4. 

*37.8 

12.00 

2.5 

5. 

50.4 

16.00 

3.0 

Acetaldehyde 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

22.0 

2. 

20 

4.50 

17.0 

3. 

40 

9.00 

13.5 

4. 

80 

18.00 

4.0 

5. 

120 

27.00 

4.5 

6. 

160 

36.00 

3.5 

7. 

200 

45.00 

3.0 

Heptaldehyde 


Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

24.0 

2. 

32 

2.60 

8.5 

3. 

64 

5.60 

4.0 

4. 

96 

8.40 

5.0 

5. 

128 

11.00 

4.5 

6. 

160 

14.00 

8.0 

316 


L.  S.  FOSDICK  AND  J.  C.  CALANDKA 


TABLE  I — Concluded 


TUBS 

AMOUNT  ADDED 

CALcnm 

Iso-Butyraldehyde 

mt./lOO  u. 

mU/L. 

mt./IOO  u. 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

•  25.0 

2. 

20 

2.70 

19.0 

3. 

40 

5.50 

22.0 

4. 

60 

8.30 

17.0 

Racemic  Glyceric  Aldehyde 

Fresh  saliva 

6.0 

1.  Control 

0 

0.00 

24.0 

2. 

100 

670.00 

15.5 

3. 

125 

870.00 

15.0 

4. 

150 

1032.00 

6.0 

5. 

200 

1376.00 

3.5 

6. 

250 

1720.00 

3.5 

*  A  mixture  primarily  diacyl  peroxide  of  lauric  acid  (Lucidol  Corp.)' 

**  A  mixture  of  benzoyl  peroxides  (Lucidol  Corp.)> 
t  An  organic  peroxide  (Lucidol  Corp.)> 
tt  No  molecular  weight  available. 

^  American  Cyanamide. 
tt  Wallace  and  Tieman. 

carbonate;  Thiourea;  Sodium  salicylate;  Sulfasol;  Azochloramid;  Guanidine 
nitrate;  Nitrc^iumidine;  Nitroaminoguanidine;  Quinine  HCl;  Formaldehyde; 
Acetaldehyde;  Heptaldehyde;  Iso-butyraldehyde;  and  Racemic  glyceric  alde¬ 
hyde. 

EXPERIMENTAL  (8) 

In  view  of  the  difficulties  involved  in  producing  and  estimating  acid  formati(Hi 
in  saliva,  the  acid  formed  was  determined  by  its  solution  effect  on  human  enamel. 
This  eliminates  the  difficulties  encountered  by  both  the  titration  method  and  the 
measurement  of  pH,  and  produces  conditions  more  like  those  which  occur  in  the 
mouth.  As  the  acids  are  neutralized  by  the  human  enamel  as  fast  as  they  are 
formed,  there  is  no  drastic  increase  in  the  acidity,  which  would  materially  in¬ 
hibit  the  acid  formation  by  the  normal  oral  bacteria.  Furthermore,  it  furnishes 
an  indication  of  the  acids  formed  in  excess  of  the  normal  buffering  capacity  of  the 
saliva. 

Saliva  was  gathered  by  paraffin  stimulation,  well  mixed,  and  divided  into  sev¬ 
eral  different  portions  of  10  cc.  each.  Gne  sample  of  the  fresh  saliva  was  analyzed 
for  calcium.  To  each  of  the  other  samples  was  added  1  gm.  of  glucose  and  0.1 
gm.  of  3(X)  mesh  powdered  human  tooth  enamel.  In  addition  to  this,  appropriate 
amounts  of  the  test  material  were  added  to  the  samples,  with  the  exception  of  two 
that  were  used  as  controls.  Two  samples  of  each  concentration  were  made  up  in 
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order  to  secure  checks.  The  samples  were  then  sealed  and  placed  in  a  water  bath 
and  incubated  at  37°C.  with  constant  agitation.  This  constant  shaking  is  essen¬ 
tial  in  order  to  facilitate  the  solution  of  the  enamel  as  fast  as  the  acids  are  formed. 
After  4  hours  of  incubation  the  samples  were  removed  and  analyzed  for  calcium. 
The  acids  formed  were  expressed  as  milUgrams  of  calcium  dissolved  per  100  cc. 
of  saliva. 


RESULTS 

As  shown  in  Table  I,  all  of  the  organic  peroxides  in  relatively  low  concentration 
have  marked  inhibitory  action  with  the  exception  of  Luperco,  a  mixed  organic 
peroxide.  All  of  the  quinones  and  hydroquinones  were  active  in  relatively  low 
concentration.  The  guanidine  derivatives,  which  on  the  basis  of  the  oxidation- 
reduction  potentials  should  be  inhibitors,  failed  to  show  any  action  except  in  very 
high  concentrations.  A  very  interesting  observation  was  the  effect  of  the  low  mol 
weight  aldehydes.  These  compounds,  some  of  which  are  normal  constituents  of 
the  body,  show  inhibitory  action.  Of  particular  interest  is  glycerol  aldehyde, 
which,  in  the  form  of  the  phosphoric  ester,  is  a  normal  metabolic  product,  and 
shows  marked  inhibitory  action  in  the  higher  concentrations.  It  is  quite  possible 
that  this  substance  could  be  used  in  relatively  high  concentrations  in  sugar  prepa¬ 
rations  without  any  objectional  features;  This  compound  warrants  further 
study. 


SUMMARY 

Thirty-one  compounds  have  been  tested  for  enzyme  inhibiting  action.  These 
compounds  consisted  of  peroxides,  quinones,  guanidines,  aldehydes  and  others. 
All  classes  of  compoimds,  with  the  exception  of  the  guanidines,  exhibited  inhibi¬ 
tory  properties.  The  aldehydes,  particularly  glycerol  aldehyde,  show  much 
promise  of  being  useful  in  the  control  of  dental  caries,  as  they  are  relatively  non¬ 
toxic,  are  not  objectionable  to  taste,  and  could  be  readily  incorporated  into  sugar 
and  sugar  preparations. 
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PHYSIOLOGICAL  CONSIDERATIONS  OF  THE  RELATIVE 
SPECIFICITY  OF  DENTAL  CARIES  IN  MAN» 

HARRY  JOEL  LIPNER 
Vniverrity  of  Chicago,  Chicago,  III. 

It  often  happens  that  biological  research  begun  and  completed  as  a  purely 
academic  problem  results  as  a  real  contribution  to  the  healing  arts.  'Tt  is  good 
to  take  stock  every  once  in  a  while  and  see  that  practical  discoveries  importance 
to  mankind  have  really  resulted  primarily  from  researches  of  a  most  theoretical 
kind”  (24).  This  paper  proposes  to  cite  researches  of  this  type  and  the  contribu¬ 
tions  they  have  made  in  shedding  light  on  the  problem  of  dental  caries. 

The  first  attempts  to  explain  the  etiology  of  dental  caries  began  with  the  con¬ 
ception  that  carbohydrates  in  the  form  of  sweets  were  the  primary  agents.  This 
conception  was  expanded  3  centuries  later  to  include  the  influence  of  bacterial 
decay. 

Johannes  Arculanus,  Professor  of  Medicine  and  Surgery  at  Bologna  around 
the  middle  of  the  15th  century,  was  one  of  the  first  to  advocate  that  “sweets  and 
viscous  food — such  as  dried  figs,  preserves  made  with  honey,  etc. — ^must  not  be 
partaken  of.”  (42).  Modem  investigators  still  adhere  to  this  same  general 
principle  (3, 13, 14, 16, 17, 22, 26, 34, 35, 39, 40, 41). 

The  germ  theory  of  disease  causation  developed  and  applied  during  the  middle 
of  the  19th  century  was  finally  applied  to  dental  caries  in  the  late  part  of  that 
century  by  Miller  (27).  “Miller  concluded  . . .  that  bacterial  fermentation  of 
carbohydrates  always  resulted  in  an  acid  reaction  and  that  initial  lesion  of  dental 
caries  consisted  of  a  decalcification  of  enamel  and  dentin”  (29).  Modem  woricers 
have  expanded  the  early  ideas  of  Miller  to  include  not  only  the  acid  producing 
bacteria,  but  to  include  practically  all  the  bacteria  in  the  mouth  (3, 16, 17, 19, 
21).  These  workers  have  also  introduced  the  conception  that  the  degradation 
products  of  carb<^ydrates  are  factors  of  greater  importance  than  is  the  produc- 
ti<Mi  of  lactic  acid  itself,  basing  their  conclusion  on  the  ionisation  constants  of 
phosphoglyceric  acid,  p}rmvic  acid,  and  lactic  acid,  with  ionisation  constants  of 
3.8  X  10“*,  5.9  X  10“*,  and  1.38  X  10“^  respectively  (16, 17).  In  relation  to  the 
lactic  acid  factor,  the  demonstration  by  McClure  and  Rusicka  (25)  that  citrates  * 
are  more  detrimental  to  the  teeth  than  is  lactic  acid,  assumes  added  significance.* 
These  workers  state  that  when  “citrate  and  lactate  drinking  fluids  adjusted  to 
pH  5.5-7.2  were  consumed  in  place  of  drinking  water  by  young  growing  rats . . . 
the  citrate  ion  had  a  marked  decalcifying  action  on  lingual  tooth  surfaces.  No 

>  An  essay  submitted  to  the  faculty  of  the  Department  of  Physiology  in  candidacy  for  the 
<legree  of  Master  of  Science  in  the  Division  of  the  Biological  Sciences,  University  of  Chicago. 
Received  for  publication  June  11,  1947. 

*  The  decalcification  produced  by  citrate  ion  resembled  erosion  rather  than  caries  (Ed.). 
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such  action  was  caused  by  the  lactate  ion.”  The  citrate  ion  in  the  presence  (rf 
calcium  (in  the  enamel)  forms  a  soluble  calcium  citrate  complex. 

The  importance  of  saliva  in  controlling  dental  caries  revolves  about  the  amy- 
lase  and  salt  concentrations  (4, 10, 45)  as  well  as  the  solvent  and  bactericidal  con¬ 
tent  and  properties  (6)  of  the  salivary  secretions.  Weisberger  (43)  has  dem(Mi- 
strated  that  saliva  also  supplies  the  inorganic  salts  and  vitamins  required  hy  at 
least  one  of  the  oral  bacteria.  The  dysfunction  of  any  of  these  salivary  proper¬ 
ties  may  be  one  of  the  contributing  causes  of  dental  caries,  though  today  no  sin^ 
factor  is  considered  as  being  the  sole  cause  (14).  The  combination  of  all  factors 
— diet,  salivary  constituents,  and  type  and  quantity  of  bacteria,  are  intimately 
related. 

Historically,  the  first  step  taken  toward  a  concerted  and  scientific  investigati(n 
of  salivary  digestive  juice  was  undertaken  by  Tiedmann  and  Gmelin  (38)  in  1827. 
It  was  the  extensive  research  of  William  Beaumont  on  gastric  digestive  juice  that 
stimulated  these  workers  to  determine  the  chemical  composition  of  saliva  in  mao, 
dog,  and  sheep.  The  work  of  Tiedmann  and  Gmelin  was  followed  by  a  volumi¬ 
nous  literature  on  the  chemistry  and  physiology  of  saliva  which  reached  its 
culmination  in  the  early  part  of  the  20th  century  when  saliva  was  assigned  a  rde 
in  the  etiology  of  dental  caries. 

Studies  on  the  enzymatic  properties  of  saliva  have  shoAMi  that  amylase,  which 
is  contained  chiefly  in  the  secretion  of  the  parotid  gland  of  some  animals,  man 
included,  is  an  enzyme  which  exerts  its  effect  almost  entirely  on  cooked  starches 
such  as  toast,  potatoes,  pastry  crusts  and  starchy  puddings.  Salivary  amylase 
hydrolyzes  raw  starches  in  some  rare  instances  only  after  long  periods  of  incuba¬ 
tion,  if  at  all.  Physiologically,  this  latter  action  is  unimportant,  since  the 
enzyme  would  be  destroyed  in  the  stomach  long  before  it  could  effect  the  condi¬ 
tion  of  raw  starch. 

Chittenden  and  Richards  (9)  in  1898  were  the  first  to  indicate  the  variation  in 
the  amylase  concentration  in  saliva  secreted  by  salivary  glands  in  various  stages 
of  activity.  Baxter  (1,2)  and  Tezner  (37)  demonstrated  the  variability  in  the 
chemical  composition  of  saliva  secreted  under  stimulation,  at  different  times  d 
the  day,  and  in  various  phases  of  secretion.  Any  investigation  which  involves  a 
study  of  the  salivary  constituents  must  take  these  factors  into  account.  The 
failure  to  do  so  may  very  well  explain  the  inability  of  some  workers,  as  for  example 
Bergeim  and  Bamfield  (5),  to  find  any  correlation  between  salivary  amylase 
concentration  and  the  incidence  of  dental  caries. 

Tezner  showed  graphically  that  the  greatest  salivary  diastatic  activity  occurs 
early  in  the  morning  at  about  7 :00  A.M.,  and  that  by  9:00  A.M.  it  has  reached  its 
lowest  level  for  the  day.  It  is  probable  that  at  its  high  point,  the  amylolytic 
activity  of  the  caries  free  individual  approaches  or  equals  that  of  the  caries  active 
individual. 

Hubbell  (20)  in  her  work  on  the  saliva  of  children,  obtained  her  samples  in  the 
morning  at  about  7 :30  A.M. — at  a  time  when  the  diastatic  activity  of  the  saliva 
is  at  its  maximum.  This  fact  may  explain  her  failure  to  find  any  correlation 
between  the  incidence  of  caries  and  the  diastatic  activity  of  the  saliva — thus  re- 
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futing  the  work  of  Florestano,  Faber  and  James  (13)  and  Turner  and  Crane  (39, 
40),  who  had  found  a  definite  correlation.  Florestano  collected  his  salivary 
samples  in  the  period  from  10:00  A.M.  to  12:00  noon;  Turner  and  Crane  collected 
the  salivary  samples  from  their  patients  2  hours  after  meals.  Both  groups  found 
that  with  the  increase  in  the  concentration  of  the  salivary  amylase  (ptyalin),  the 
mddence  of  caries  also  increased. 

The  work  of  Wach,,  Kesel,  Hine  and  O’Donnell  (41),  and  of  Fosdick  and  Rapp 
(15),  is  directly  opposed  to  the  results  obtained  by  both  Hubbell  (20)  and  Bergeim 
and  Bamfield  (5),  since  the  former  have  demonstrated  that  when  saliva  was  incu¬ 
bated  with  glucose,  acid  was  produced,  the  rate  increasing  as  the  amylase  concen¬ 
tration  increased.  These  investigators  also  showed  that  a  direct  correlation 
could  be  established  between  the  concentration  of  amylase  present  and  the  rate 
of  acid  production,  which  could  in  turn  be  correlated  with  the  incidence  of  caries. 

Klatsky  and  Klatell  (23),  studying  the  human  skulls  of  46  get^raphical  groups, 
found  that  the  primitive  groups  had  a  lower  incidence  of  caries  and  a  high  indica¬ 
tion  of  masticatory  function,  thus  substantiating  McCollum  (26),  who  stated, 
“Caries  of  the  teeth  is  restricted  to  people  and  animals  who  eat  liberally  of  carbo¬ 
hydrate  containing  foods.  Carnivorous  man  and  animals  do  not  suffer  from  this 
disease.” 

In  relation  to  masticatory  function,  it  should  be  pointed  out  that  although  the 
incidence  of  caries  increases  on  a  diet  of  carbohydrate  containing  soft  foods, 
Roeebury  (31)  demonstrated  that  on  a  diet  containing  hard  tack  as  the  chief 
source  of  carbohydrate,  both  rats  and  man  (E^mos)  developed  caries. 

T^e  fact  that  carnivorous  animals  do  not  usually  suffer  from  dental  caries  is  not 
necessarily  due  to  their  high  protein  diet,  but,  as  Table  I  indicates,  may  be  due  to 
their  lack  of  salivary  amylase  (ptyalin).  With  the  exception  of  the  rabbit  and 
the  monkey,  herbivorous  aniTnalH  are  devoid  of  amylase;  these  animals  are  also 
relatively  caries  free,  however,  since  they  do  not  partake  of  cooked  starches  no 
conclusive  statement  can  be  made.  From  Table  I  it  may  be  noted  that  of  the 
total  number  of  animals  that  have  been  investigated,  only  3  were  found  to  possess 
salivary  amylase  in  concentrations  exceeding  that  in  the  blood  or  lymph.  Of 
these  3,  caries  can  be  induced  in  the  monkey  (33)  by  maintaining  it  on  a  high 
sucrose  diet;  in  man  caries  is  usually  found  accompan3dng  diets  rich  in  cooked 
starches;  and  in  the  rabbit,  which  subsists  on  a  raw  vegetable,  carbohydrate  rich 
diet,  caries  has  never  been  demonstrated.  It  must  be  remembered,  however, 
that  the  rabbit  has  not  been  adequately  investigated.  Table  I  also  indicates 
that  the  incidence  of  dental  caries  is  greatest  in  man,  who  also  shows  one  of  the 
highest  salivary  amylase  concentrations  for  cooked  starches.  The  question  then 
arises — is  the  increased  tendency  toward  caries  in  modem  man  due  to  decreased 
masticatory  function,  to  the  presence  of  amylase,  or  to  the  increased  concentra¬ 
tion  of  carbohydrates,  chiefly  sugars  and/or  cooked  starches,  in  the  diet? 

In  man,  we  find  the  presence  of  salivary  amylase.  Those  individuals  who 
have  dental  caries  frequently  show  a  tendency  toward  the  consumption  of  exces¬ 
sive  quantities  of  carbohydrates  in  the  form  of  sugars  and  cooked  starches.  Shaw, 
Elvehjem,  and  Phillips  (34)  induced  caries  in  the  monkey,  which  has  salivary 
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amylase,  with  a  high  sucrose  diet.  Shaw,  Schweigert,  Mclntire,  Elvehjem  and 
Phillips  (35)  induced  dental  caries  in  the  cotton  rat  with  a  similar  diet.  We  be¬ 
lieve  that  correlations  can  be  made  between  salivary  amylase  concentrations  in 


TABLE  I 


DXITAXY  HABIT 

AWnCAL 

AMYLASK* 

ACnVITV 

AUTHOS 

or 

DENTAL 

GABIES 

Aimoi 

Carnivorous 

dog 

0 

Carlson  and 

+ 

Montgomery  (28) 

Crittenden  (7) 

cat 

0 

Carlson  and 

_ 

Ryan  (8) 

fox 

0 

Carlson  and 

— 

Crittenden  (7) 

Omnivorous 

man 

+++t 

Carlson  and 

+++ 

Crittenden  (7) 

cotton  rat 

_ *♦ 

+++ 

Shaw,  Elvejhem 

and  Phillips, 
Schweigert 
Mclntire  (35) 

Herbivorous 

monkey 

++ 

Carlson  and 

++ 

Shaw,  Elvejhem 

Crittenden  (7) 

and  Phillips  (34) 

rabbittt 

+++ 

Ryan  (32) 

— 

Fischl  and  Kahn 

(12) 

goat 

0 

Carlson  and 

— 

J 

Crittenden  (7) 

horse  \ 

0 

Carlson  and 

— 

1 

Crittenden  (7) 

+§ 

Seymour  (36) 

— 

0 

Goldschmidt  (18) 

0 

Scheunert  and 

— 

Trautmann 

(33) 

sheep 

0 

Scheunert  and 

— 

Trautman  (33) 

ox 

0 

Palmer  (30) 

— 

*  The  amylase  (ptyalin)  activity  of  mixed  saliva  on  cooked  starches. 

*• - indicates  the  lack  of  information  in  the  literature. 

t  The  for  man  was  used  as  a  base  line  in  comparing  dental  caries  incidence  and 

amylase  (ptyalin)  activity  with  that  of  other  animals, 
tt  Using  parotid  saliva. 

§  Very  feeble  reaction  occurring  only  after  5  hours. 

man  and  the  incidence  of  dental  caries.  The  relatively  slight  occurrence  of  this 
disease  in  herbivorous  and  carnivorous  animals  can  just  as  easily  be  due  to  the 
lack  of  salivary  amylase  as  to  the  specific  type  of  diet  (uncooked  starches)  (w 
which  these  animals  exist.  On  the  basis  of  these  data,  the  fact  that  Hubbell,  and 
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Bergeim  and  Bamfield  could  find  no  correlation  between  salivary  amylase  and 
dental  caries  seems  faulty. 

The  relationship  of  bacteria  to  dental  caries  would  appear  to  be  dependent  on 
an  oral  condition  which  encourages  bacterial  growth  and  reproduction.  These 
conditions  would  be  met  if  carbohydrate  in  the  form  of  monosaccharides  or  at  the 
most,  disaccharides,  are  supplied,  and  if  amylase  is  present  to  break  down  the 
more  complex  carbohydrates  into  forms  more  utilizable  by  the  oral  bacteria. 

CONCLUSION 

The  evidence  presented  above  indicates  strongly  that  although  no  single  factor 
is  the  sole  cause  of  dental  caries  in  man,  the  chief  causes  are: 

a)  his  consumption  of  large  quantities  of  carbohydrates  in  the  form  of  sugars 
and  cooked  starches  and 

b)  the  presence  of  salivary  ptyalin. 

These  result  in  an  oral  condition  encouraging  the  production  of  considerable 
amounts  of  various  acids  which  are  responsible  for  the  early  decalcification  of  the 
teeth  and  the  beginning  of  dental  caries. 

SUMMARY 

It  is  well  known  that  of  all  animals  man  is  most  susceptible  to  dental  caries. 
It  b  suggested  that  thb  b  due  to  the  fact  that  of  all  animab,  man  partakes  liber¬ 
ally  of  sugars  and  cooked  starches;  and  that  he  also  has  the  highest  ptyalin  concen¬ 
tration  of  all  animab.  Man  is  the  only  animal  that  partakes  of  sugars  and  cooked 
starches,  except  when  by  stealth  rats  pilfer  cooked  starches  from  the  larder  of 
man.  Normally  the  rat  lives  on  uncooked  starches  on  which  ptyalin  has  no 
significant  effect.  The  herbivorous  animab’  relative  freedom  frcKn  dental  caries 
may  be  due  to  their  subsbting  on  a  diet  of  uncooked  starches,  and  the  low  concen¬ 
tration  or  complete  lack  of  ptyalin  in  their  saliva.  The  carnivorous  animab’ 
rebtive  freedom  from  dental  caries  b  probably  due  to  the  protein  nature  of  their 
diet  and  the  extremely  low  concentration  or  complete  absence  of  ptyalin  in  their 
saliva.  Available  evidence  indicates  that  when  cooked  starches  adhere  to  the 
teeth  of  man  they  are  converted  to  sugars  which  by  the  action  of  the  oral  bacteria 
are  ultimately  degraded  to  lactic  acid.  The  combination  of  acids  thus  liberated 
cause  an  acid  decalcification  and  result  in  caries. 

The  author  wishes  to  express  his  gratitude  to  Professor  A.  B.  Luckhardt  for  his  interest 
and  many  helpful  suggestions,  and  without  whose  aid  this  paper  could  never  have  been 
written. 
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INTBODUCTION 

In  1890,  W.  D.  Miller  (1)  laid  the  groundwork  of  dental  bacteriol<^  and 
stressed  the  importance  of  bacteria  in  causing  disease  and  death  of  the  dental 
pulp.  Despite  the  significance  of  Miller’s  contribution  little  attention  was  given 
to  bacteriol(^c  methods  in  the  examination  of  root  canals.  The  '‘sight  and 
smell”  method  (A  determining  when  to  fill  a  root  canal  continued  to  be  used  until 
about  1920  when  LaRoche  (2)  and  Coohdge  (3)  elevated  the  treatment  to  a 
scientific  level  by  employing  bacteriologic  techniques  to  determine  the  sterility 
of  pulpless  teeth. 

In  the  practice  of  root  canal  treatment  bacteriolc^c  methods  are  essential  if 
the  function  of  the  root  canal  therapy  is  to  render  sterile  the  canal  and  the  peri¬ 
apical  tissues.  Since  the  microorganisms  present  in  chronic  perifq>ical  infections 
do  not  always  cause  a  putrid  odor,  the  futility  of  smelling  the  canal  dressing  to 
determine  sterility  is  obvious  (4).  Filgueiras  (5)  has  noted  that  paper  points 
removed  from  root  canals  saturated  with  a  pus-like  exudate  and  cultured  for 
seventy-two  hours  frequently  show  no  growth.  This  observation  verifies  the 
fact  that  clinical  symptoms  are  unreliable  in  determining  the  necessity  of  filling 
or  further  treating  a  root  canal. 

Various  workers,  such  as  Stein  (1935)  (6),  Grossman  (1938)  (7),  Buchbinder 
(1939)  (8),  Crowley  (1941)  (9), ‘Yates  and  Morse  (1941-42)  (10-11),  and  Fil¬ 
gueiras  (1942)  (5),  have  contributed  to  the  knowledge  of  techniquies  and  media 
used  for  culturing  root  canals.  From  their  results  it  was  evident  that  a  more 
efficient  medium  for  culturing  root  canals  was  needed.  A  mediiim  suitable  for 
culturing  root  canals  shoiild  promote  growth  of  both  aerobic  and  anaerobic  types 

organisms. 

Two  experimental  media  prepared  for  aerobic  cultivation  of  organisms  con¬ 
sisted  of  a  2%  solution  of  tiypticase  broth  containing  1%  dextrose  at  pH’s  of 
7.2  and  5.5.  Trypticase,  a  carbohydrate-free  peptone  (Baltimore  Biol<^cal 
Laboratories)  with  dextrose  added,  has  been  found  to  have  excellent  growth- 
promoting  properties  for  many  of  the  fastidious  organisms,  including  Laetobaeil- 
Itu  acidophiltie,  oral  streptococci,  yeasts,  and  mixtures  of  these  organisms.  (12) 

Experimental  media  for  anaerobic  cultivation  consisted  of  modified  thioglycol- 

'  Read  at  the  47th  General  Meeting  of  the  Society  of  American  Bacteriologuts,  Philadel¬ 
phia,  Pennsylvania,  May  15, 1947. 

Received  for  publication  May  24,  1947. 
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late  media  containing  0.5  and  0.1%  trypticase.  It  was  thought  that  since 
tiypticase  promoted  growth  under  aerobic  conditions  the  addition  of  sttihII 
amounts  of  it  to  a  thioglycollate  medium  might  promote  more  abundant  growth 
of  anaerobic  organisms.  * 

As  controls,  4  of  the  most  frequently  used  media  for  culturing  root  canals  were 
chosen:  brain  heart  infusion  (Difco),  brain  agar*,  Brewer’s  thioglycollate  and 
serum  dextrose  broth  (beef  infusion  1,000  cc.,  1%  dextrose,  5%  sterile  rabbit 
serum,  pH  7.4).  The  purpose  of  these  experiments  was  to  determine  which'-, 
medium  would  give  the  greatest  number  of  positive  cultures  from  a  definite  I 
number  of  root  canals.  * 

PROCEDURE 

When  the  root  canal  was  ready  to  be  filled,  a  dressing  wnth  a  suitable  germi¬ 
cide  on  an  absorbent  paper  point  was  placed  in  the  root  canal  and  sealed  with 
temporary  cement.  After  a  period  of  48  hours,  the  patient  returned  to  the  clinic. 
The  rubber  dam  was  adjusted  and  the  operating  field  w'as  sterilized  by  metaphen 
tincture.  The  tooth  was  dried  by  means  of  hot  air;  the  temporary  cement  and 
the  medicated  absorbent  point  were  removed  with  sterile  instruments.  Quickly 
and  aseptically,  a  new  paper  point  was  placed  in  the  root  canal  for  a  period  of  from 

1  to  2  minutes.  The  paper  point  was  then  removed  and  placed  in  a  sterile  tube 
containing  2  cc.  of  nutrient  broth  and  alundum.  If  the  point  came  out  dry  a 
drop  or  two  of  culture  medium  w’as  placed  aseptically  in  the  canal  in  order  to 
supply  the  needed  moisture.  To  obtain  a  suspension  of  the  organism  present,  the 
paper  point  was  ground  against  the  alundum  with  a  sterile  1  cc.  pipette.  Asepti¬ 
cally,  0.1  cc.  of  the  nutrient  broth  was  added  to  each  medium  and  incubated  for 

2  weeks.  Until  the  results  of  the  bacteriologic  test  were  known,  the  tooth  was 
treated  by  means  of  antiseptic  dressings. 

Slides  were  prepared  from  all  negative  tubes.  If  after  incubation,  the  tubes 
were  turbid,  indicating  growth,  some  of  the  material  was  streaked  on  blood  agar 
and  incubated  for  24  hours.  Slides  were  theh  prepared  from  both  streak  and 
tubal  growths. 

RESULTS 

Over  a  period  of  2  years  a  total  of  709  root  canals  were  cultured.  Of  these, 
184  were  positive  on  1  or  more  of  the  various  media:  trypticase  dextrose  (pH  7.2), 
166;  brain  heart  infusion  (Difco),  158;  serum  broth  with  dextrose,  144;  brain 
agar,  137;  Brewer’s  thioglycollate,  131;  trypticase  dextrose  (pH  5.5),  95. 

Thioglycollate  media  containing  0.1  and  0.5%  trypticase  respectively  were 
discontinued  as  experimental  media  after  203  root  canals  had  been  cultured. 
The  thioglycollate  medium  containing  0.1%  trypticase  was  discontinued  because 
it  showed  only  22  positive  out  of  a  known  49  positive  cultures  and  the  thioglycd- 
late  medium  containing  0.5%  trypticase  showed  only  25  of  a  known  49  positive 
cultures  (Table  I). 

*  Pieces  of  calf  brain  in  Difco  brain  heart  semi  solid  agar,  1%  gelatin,  0.2%  agar,  pH  7.4. 
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Slight  variations  in  the  morpholep  of  the  organisms  in  the  different  experi¬ 
mental  media  were  noted. 

Of  the  184  positive  root  canals  examined,  90.6%  were  detected  in  tiypticase 
dextrose  broth  pH  7.2.  Of  the  remaining  9.4%,  or  18  positive  cultures,  14  were 
fouhd  to  be  positive  in  brain  heart  infusion,  and  4  were  positive  among  the  various 
other  media.  Serum  broth  was  not  so  efficient  as  brain  h,eart  infusion  since  it 
detected  only  12  of  these  18  positive  cultures. 

The  length  of  time  for  growth  to  appear  in  the  various  media  during  incubation 
varies.  In  trypticase  dextrose  broth,  pH  7.2,  and  in  brain  heart  infusion  growth 
appeared  in  positive  cultures  in  24  hours;  in  the  remaining  media,  from  2  to  5  days 
were  usually  required,  but  in  some  cases  a  week  was  required,  before  growth  was 
evident. 


TABLE  I 


Diitribution  of  total  potitive  cvltura  on  the  varioiu  media  need  for  culturing  root-eanala 


MEDIA 

pH 

POSITIVE*  CTTITPIPS 

%  POSITIVE 

Trypticase  Dextrose . 

7.2 

166 

90.6 

Brain  Heart  Infusion . 

7.4 

158 

86.1 

Serum  Dextrose  Broth . 

7.4 

144 

78.4 

Brain  Agar . 

7.4 

137 

74.4 

Brewer’s  Thioglycollate . 

7.4 

131 

71.2 

Trypticase  Dextrose . 

5.5 

95 

51.4 

ThioglycoIIatef  .5%  Tryptica**^  . 

7.4 

25 

51.0 

Thioglycollatet  .1%  Trypticase . 

7.4 

1  22 

45.0 

*  Total  No.  of  positive  cultures:  184 
t  Total  No.  of  Positive  cultures:  49 


Some  of  the  media,  especially  serum  broth  and  trypticase  dextrose,  pH  7.2, 
showed  more  profuse  growth  than  the  others.  Trypticase  dextrose,  pH  5.5,  was 
more  effective  in  promoting  growth  of  the  aciduric  organisms  (Table  II). 

One  may  conclude  that  by  using  the  2  media,  trypticase  dextrose  pH  7.2  and 
brain  heart  infusion,  in  routine  clinical  root  canal  culturing,  a  sufficiently  high 
percentage,  97.8%,  of  positive  teeth  can  be  detected,  a  percentage  which  is 
clinically  acceptable. 

When  considering  the  most  suitable  media  for  culturing  root  canals,  it  was  of 
interest  to  note  th,e  organisms  which  were  most  frequently  found  in  positive  cul¬ 
tures.  Of  the  184  positive  cultures,  9  were  due  to  the  alpha  type  of  streptococcus. 
All  cultures  due  to  this  organism  alone  grew  on  brain  heart  infusion  and  trypticase 
dextrose,  pH  7.2.  Tim  beta  type  streptococcus,  usually  considered  the  most 
virulent,  was  found  in  13  of  the  184  positive  cases.  All  of  these  grew  in  tiypticase 
dextrose,  pH  7.2.  The  gamma,  or  non-hemolytic,  t3rpe  of  streptococcus  is  by  far 
the  most  common  organism  found  in  root  canal  cultures.  This  organism  was 
responsible  for  82  of  the  positive  cultures,  which  were  detected  in  trypticase  dex- 
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trose  pH  7.2.  Seventy-five  of  the  82  were  positive  on  brain  heart  infusion.  Ap¬ 
proximately  one-half  of  th/e  gamma  streptococci  tested  by  fermentation  reactions 
were  identified  as  Streptococcus  faecalis  and  Streptococcus  salivarius. 

The  staphylococci  were  responsible  for  35  of  the  184  positive  cultures.  Of 
these  25  were  due  to  Staphylococcus  aJbus,  and  10  due  to  Staphylococcus  aureus. 
Bacillus  subtilis,  LactobaciUus  acidophilus  and  yeast  organisms  were  found  in  pure 

TABLE  II 

Bacterial  growth  on  control  and  experimental  media 


MISIA 


OtCANISICS 

pa 

Trypt.  Dext. 

Trypt.  Dezt. 
pH  5.5 

S 

< 

a 

'g 

PS 

Serum  Dext. 

!  ••  ^ 
t.s 

OQ 

i 

i 

h 

is? 

1.  Streptococci  alpha . 

9 

9 

5 

8 

8 

8 

2 

2 

2.  Streptococci  beta . 

12 

13 

5 

9 

11 

11 

3.  Streptococci  gamma . 

75 

82 

47 

67 

70 

64 

9 

9 

4.  Lactobacillus  acidophilus . 

7 

8 

9 

7 

8 

mm 

3 

5.  Bacillus  subtilis . 

11 

12 

7 

11 

10 

H 

3 

6.  Staphylococcus  aureus  and  albus. . 

33 

35 

22 

30 

34 

30 

6 

5 

7.  Yeast . 

5 

6 

6 

4 

5 

5 

1 

1 

8.  Miscellaneous . 

7 

7 

2 

5 

5 

4 

2 

2 

TABLE  III 

Total  numbers  of  positive  cultures  due  to  one  organism 


OEGANlStfS 

NO.  posinvi 

%  POSITIVB 

Streptococci  (alpha) . 

9 

4.9 

Streptococci  (beta) . 

13 

7.1 

Streptococci  (gamma) . 

82 

44.5 

Staphylococci . 

35 

19.0 

L.  acidophilus . 

9 

4.9 

Yeaat . 

4 

2.2 

B.  subtilis . 

12 

6.5 

Miscellaneous . 

7 

3.8 

culture  in  12,  9,  and  4  cases  respectively.  Seven  positive  cultures  were  due  to 
single  organisms  of  miscellaneous  groups  (Table  III). 

Mixed  cultures  were  found  in  13  of  the  184  positive  root  canals.  One  out  of 
every  13  cultures  was  positive  because  of  1  or  more  organism.  This  result  is  less 
than  the  ratio  of  1:6  reported  by  Morse  and  Yates  (11).  The  gamma  strepto¬ 
coccus  appeared  most  frequently  in  combination  with  other  organisms:  for  exam¬ 
ple,  on  5  occasions  with  yeasts,  3  with  Staphylococci  and  2  with  LactobaciUi. 
Yeasts  appeared  in  combination  with  staphylococci  in  2  positive  cultures.  In 
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only  1  instance  were  more  than  2  different  organisms  found  in  a  positive  culture: 
yeast,  Streplococcua  gamma  type  and  L.  acidophilus  were  identified.  The  pres¬ 
ence  of  Bacillus  subtUis,  Lactobacillus  acidophilus  and  yeast  organisms  in  positive 
root  canal  cultures  may  indicate  contamination  from  sahva  or  from  some  other 
source  (Table  IV). 

The  order  of  occurrence  of  the  171  single-organism  infections  was  as  foUows: 
non-hemolytic  streptococcus,  Staphylococcus  aHms  and  Streptococcus  beta  type. 
This  order  is  in  partial  agreement  with  the  observations  of  Morse  and  Yates,  but 
differs  from  the  results  of  Burket  (13)  and  Appleton  (14),  who  report  the  predomi¬ 
nating  single  infectious  organism  as  Streptococcus  viridans.  This  variation  may 
be  due  to  the  fact  that  Burket  woriced  with  necropsy  material;  whereas  the  ma¬ 
terial  reported  in  this  experiment  and  that  of  Morse  and  Yates  was  collected  from 
dental  clinic  patients. 

By  including  Brewer’s  media  as  controls,  comparison  could  be  made  between 
aerobic  and  anaerobic  methods  of  cultivation.  In  no  case  was  the  root  canal 
positive  in  Brewtn‘’8  thioglycoUate  media  and  not  podtive  in  any  (me  of  the  others. 


TABLE  IV 

Total  number  of  positive  cultures  due  to  one  or  more  organisms 


OBOANISlfft 

MO.  rotmvB 

%  romtvr 

Streptococci  and  Yeast . 

5 

2.7 

Streptocncci  and  TiSctohar'll' . 

2 

1.1 

Streptococci  and  Staphylococci . 

3 

1.6 

Yeast  and  Staphylococci . 

2 

1.1 

Yeast,  Streptococci  and  Lactobacilli.. 

1 

0.54 

This  result  suggests  that  strict  anaerobic  methods  are  not  necessary  for  the  culti¬ 
vation  of  bacteria  from  root  canals.  Similar  results  were  obtained  by  Crow¬ 
ley  (9). 

SUMMARY 

In  184  positive  root  canals  cultured,  97.8%  were  positive  on  trypticase  dextrose 
broth,  pH  7.2,  and  brain  heart  infusion,  pH  7.4.  This  result  proved  these  2  me¬ 
dia  to  be  sufficient  for  practical  purposes. 

The  frequency  of  the  appearance  of  these  organisms  was  found  to  be  in  this 
order:  Streptococcus  gamma  type.  Staphylococcus  albus.  Streptococcus  beta  type. 
Bacillus  subtUis,  Streptococcus  alpha  type.  Staphylococcus  aureus,  Lactobacillus 
acidophilus,  yeast,  and  other  miscellaneous  organisms. 

Cultures  of  positive  r(X)t  canals  are  not  all  pure;  there  are  a  few  mixed  cultures. 

Strict  anaerobic  conditions  are  not  necessary  for  cultivation  of  bacteria  from 
root  canals 

The  writer  wishes  to  acknowledge  the  technical  assistance  of  Miss  Matina  S.  Varipatis 
in  this  work. 
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BILATERAL  FIBRO-OSTEOMA  OF  THE  MAXILLA 
IX  A  MONKEY* 

ROBIN  M.  RANKOW,  B.S.,  D.D.S. 

School  of  Medicine  and  Dentistry,  University  of  Rochester,  Rochester,  N.  Y. 

Neoplasms  have  been  reported  occasionally  in  the  lower  primates.  An  os¬ 
teogenic  spindle  cell  sarcoma  of  the  mandible  in  an  adult  female  Macacus  rhesus 
was  described  by  Bagg  (1).  Prior  to  that  time  Ratcliffe  (2)  mentioned  that  only 
7  other  neoplasms  variously  distributed,  in  the  lower  primates  had  been  found 
in  the  available  literature.  According  to  Ratcliffe,  who  described  a  giant  cell 
tumor  in  a  Baboon  {Papio  porcarius),  5  neoplasms  have  been  noted  from  717 
autopsies  of  primates  at  the  Philadelphia  Zoological  Gardens.  These  include 
tumors  diagnosed  as  hypernephroma,  papillary  adenoma  of  the  gastric  mucosa, 
adenocarcinoma  of  the  head  of  the  pancreas,  adenocarcinoma  of  the  rectum  ^vith 
extension  to  the  prostate,  and  his  giant  cell  tumor  of  the  ulna.  The  remaining 
2  tumors  he  included  from  the  report  of  Plimmer  (3)  from  a  series  of  autopsies 
at  the  London  Zoological  Gardens  in  1913  and  1914.  These  had  been  diagnosed 
as  a  sarcoma  of  the  scalp  and  an  adenocarcinoma  of  the  kidney. 

The  relation  of  fibro-osteoma  of  human  adult  jaws  to  membranous  preformed 
bone  has  led  to  the  emphasis  that  these  tumors  are  osteoma  representing  dif¬ 
ferent  types  of  ossification  in  a  fibrous  tissue  (4).  Symmetrical  osteomata  have 
rarely  been  described.  Most  of  these  symmetrical  tumors  of  the  maxilla  or 
mandible  have  been  reported  as  fibromata  of  the  gums  (5). 

CASE  HISTORY 

The  head  of  a  6  year  old  male  monkey,  sacrificed  because  of  increasing  mal¬ 
nutrition  and  discomfort,  was  received.  The  presence  of  2  large,  symmetrical 
maxillary  protuberances  about  6.5  x  2.5  x  5  cms  in  size  was  striking.  These 
extend  anteriorly  and  inferiorly  displacing  the  incisors  outwardly,  and  the 
canines  downwardly  and  laterally  (fig.  1). 

Generalized  examination  had  not  been  possible,  although  the  contributor 
reported  no  other  visible  lesions  during  the  lifetime  of  the  animal.  In  view  of 
the  unusual  appearance  of  the  maxilla,  roentgenographic  and  histopathological 
studies  have  been  conducted. 

Roentgenographically  these  maxillary  overgrowths  appear  as  2  large,  bilateral, 
hazily  diffuse,  non-erosive  areas  devoid  of  defined  cortical  margins  (Jig.  2). 

Grossly,  the  mucous  membrane  over  the  growths  was  intact  and  unchanged 
except  for  a  palpable  coarseness  and  marked  thickening.  On  section,  the  con- 

*  Material  supplied  by  Dr.  W.  Redett  Hatfield  and  prepared  in  the  Division  of  Oral 
Pathology,  School  of  Dental  and  Oral  Surgery,  Columbia  University,  New  York.  Re¬ 
ceived  for  publication  May  24,  1947. 
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tents  of  the  lesion  appear  dirty-grayish,  granular  and  gritty.  A  specimen  of 
this  material  cuts  readily  with  the  dental  bur. 

Microscopically,  the  overlying  mucous  membrane  indicates  an  intact,  some¬ 
what  squat  but  essentially  normal  epithelium.  The  sub-epithelium  is  densely 
fibrous  with  sparse,  spindle-shaped  nuclei  and  occasional  blood  vessels.  The 


Fig.  1.  Facial  and  intra  oral  views  of  bilateral  growths  on  palatine  port  ion  of  maxilla 
Actual  measurements  are  6.5  x  2.5  x  5  cm. 


Fig.  S.  Roentgenogram  showing  hazily-diffuse,  non-erosive  maxillary  expansion 

shredding  at  the  periphery  may  be  due  to  the  absence  of  any  calcified  cortex, 
for  instead,  the  lesion  is  encompassed  by  a  fibrous  periosteal  sac.  There  are 
innumerable,  narrow,  irregular,  bony  trabeculae  scattered  throughout  this 
outer  tissue.  They  are  encircled  by  layers  of  pink  staining  osteoid  tissue  of 
varying  thicknesses.  These  deposits  are  surrounded  in  turn  by  osteoblastic 
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Fig.  S.  Photomicrograph  of  section  from  external  portion  of  growth. 

A.  .\bnormal  bony  trabeculae  enclosed  in  a  fibrous  periosteal  sac. 

B.  Higher  magnification  of  a  primitive  trabecula  with  deeply  staining  central  core  and 
encircled  by  osteoblastic  cells. 


Fig.  4.  Photomicrograph  from  deeper  within  lesion. 

A.  Ilepacement  of  normal  bone  by  eosinophilic  newly  formed  osteoid  tissue. 

B.  Higher  magnification  of  trabecula  in  A.  with  osteoporosis  indicated  by  large  vascular 
spaces. 

cells.  The  central  portions  of  these  outer  trabeculae  still  appear  calcified  and 
deeply  staining,  being  converted  into  a  primitive  type  of  bone.  The  bone  cell 
lacunae  are  prominent  and  irregular  in  arrangement  (fig.  3). 
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In  contrast,  microscopic  examination  of  the  material  obtained  from  further 
\nthin  the  lesion  is  typified  by  replacement  of  normal  bone  by  tiny  areas  filled 
with  eosinophilic  new  osteoid  tissue.  There  is  an  osteoporosis  indicated  by  the 
large  vascular  spaces  in  t  he  bone  t  raliecidae .  The  fat  t  y  marrow  spaces  have  been 
completely  replaced  by  dense,  intermingle<l  strands  of  collagenous  fibers  ^\^th 
varying  numbers  of  spindle-shaped  nuclei  (Jig.  4)- 

It  is  suggested  that  the  progressive  malnutrition  engendered  by  the  gro\rth 
has  resulted  in  the  histological  similarity  of  the  outer  border  to  osteomalacia 
(6). 

There  is  no  e\'idence  of  any  inflammatory  reaction  nor  of  mitotic  divisions. 
Few  osteoclasts  are  present  and  very  little  lacunar  resorption  can  be  observed, 
although  a  slight  notching  and  irregularity  of  the  margins  is  present  in  a  few  (rf 
the  trabeculae.  There  are  sporadic  giant  cells,  but  no  clusters  are  visible. 

In  the  absence  of  complete  skeletal  roentgenographic  and  biochemical  studies, 
and  in  view  of  the  similar  histological  pictures  of  disorders  of  calcium  metab¬ 
olism  and  ossification,  the  possibility  of  a  generalized  condition  must  be  kept  m 
mind.  However,  on  the  basis  of  the  microscopic  examination,  the  lesions  appear 
to  be  a  true  neoplasm,  and  not  a  form  of  osteitis  fibrosa,  osteitis  deformans,  or 
other  such  osteodystrophy. 

An  histopathological  diagnosis  of  bilateral  fibro-osteoma  \nth  a  peripheral 
osteomalacia  of  the  maxilla  is  therefore  suggested. 

SUMM.\RY 

Bilateral  fibro-osteoma  of  the  maxilla  of  a  G  year  old  Macacus  rhesus  is 
reported. 
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INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH* 
Proceedings  or  the  Washington,  D.  C.,  Section 
APRIL  16,  1947 

Compiled  by  B.  EDWIN  ERIKSON,  Editor,  WaahingUm  Sec. 

I.  Afternoon  Session 

1.  Prevention  of  the  Dry  Socket.  Harold  W.  Krogh,  D.D.S.y  Washington, 
D.  C.  Dry  socket  incidence  following  consecutive  extractions  ci  773  lower  mo¬ 
lars  and  premolars,  in  which  sulfonamide  tablets  containing  ^  grain  sulfanilamide 
and  i  grain  sulfathiazol  were  inserted  into  the  sockets,  was  compared  to  2126 
similar  teeth  used  as  controls.  Di*y  socket  incidence  in  control  series  was  3.1% 
for  erupted  teeth  and  27.6%  for  impactions.  No  dry  sockets  occurred  when 
sulfonamide  tablets  were  used.  Six  impactions  needed  postoperative  treatment. 
One  patient  developed  a  mild  skin  reaction. 

2.  Bacteriologic  Investigations  of  the  Oral  Spirochetal  Flora  Pres¬ 
ent  IN  Ulcerative  Gingivitis  (Vincent’s  Infection).  Edward  0.  Hampp, 
National  Institute  of  Health,  Bethesda,  Md.  Technics  and  methods  were  de¬ 
scribed  for  isolation  and  pure  cultivation  of  the  smaller  oral  treponemes,  strains 
morphologically  similar  to  Borrelia  vincentii  and  for  mixed  spirochetal  cultures 
containing  Borreli  buccale.  Differences  in  structure  of  these  spirochetes  as  ob¬ 
served  in  the  living  state  by  dark-field  examination  and  in  air  dried,  heat-fixed, 
stained  smears  by  direct  illumination  were  discussed.  In  addition,  material  was 
presented  on  the  morphol(^cal  characteristics  of  these  spirochetes  as  revealed 
by  the  electron  microscope. 

3.  Occlusion  in  Artificial  Denture  Construction.  Lxueme  G.  Jordan, 
D.D.S.,  Washington,  D.  C.  A  brief  outline  of  the  basic  principles  of  occlusion 
for  complete  artificial  denture  construction,  according  to  the  author’s  opinion 
was  given  and  also  a  brief  description  of  his  method  of  applying  the  basic  ideas  of 
Pleasure,  Kurth  and  others  in  complete  artificial  denture  construction.  Al¬ 
though  the  author’s  application  of  their  ideas  differed  somewhat  from  those  sug¬ 
gested  by  the  original  authors,  his  report,  covering  a  period  of  4  years  would  indi¬ 
cate  that  he  was  favorably  impressed  with  the  results  obtained  by  the  use  of  this 
non-conventional  type  of  occlusion. 

4.  The  Healing  of  Gingival  Tissue  Following  Surgical  Removal. 
Joseph  L.  Bernier,  Army  Institute  of  Pathology,  Washington,  D.  €.,  and  Harry 
KajJan,  D.D.S.,  Washington,  D.  C.  Blocks  containing  adjacent  teeth  were  re¬ 
moved  from  the  jaw  of  a  patient  who  had  been  subjected  to  gingivectomy  for  the 
elimination  of  periodontitis.  These  blocks  were  removed  after  periods  of  2  days, 

‘  Received  for  publication  May  27,  1947. 
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4  days,  6  days,  16  days  and  21  days.  A  pack  had  been  in  place  for  the  first  10 
days  of  this  experiment.  It  was  shown  that  the  healing  of  gingival  tissue  is 
greatly  facilitated  by  the  presence  of  a  pack,  which  tends  to  provide  the  stimulus 
necessary  to  accelerate  healing  beyond  that  normally  seen  in  an  open  granulating 
wound.  The  activity  of  leucocytic  elements,  and  the  fixed  mesenchjTnal  cells  in 
the  healing  process  wras  shown  and  discussed.  These  cellular  elements  tend  to 
prevent  the  ingress  of  organisms  and  their  toxic  products  to  a  marked  degree. 
Material  taken  from  gingival  tissue  after  30  da}^  and  after  90  days  was  also  pre¬ 
sented  to  show  the  complete  regeneration  of  both  the  epithelium  and  connective 
tissue,  and  the  restoration  of  the  gin^val  relationship  in  its  new  position. 

5.  Examination  of  Tooth  Surfaces  by  the  Shadowed  Repuca  Method. 
David  B.  Scott  and  Ralph  W.  G.  Wyckoff,  National  Institute  of  Health,  Bethesda, 
Md.  A  shadowed  replica  technic  has  been  developed  for  the  study  of  tooth 
surfaces  both  in  vitro  and  in  situ.  It  involves  preparation  of  a  collodion  replica 
of  the  tooth  surface.  The  replica  is  then  “shadowed”  in  a  high  vacuum  chamber 
by  oblique  evaporation  of  metal  on  to  its  sutface.  The  “shadowing”  prooew 
brings  all  surface  details  into  distinct  tri-dimensional  relief.  Replicas  can  th«i 
be  observed  by  the  optical  microscope.  Surface  structures  are  being  examined,  a 
classification  of  surface  types  is  being  made,  and  comparative  studies  are  being 
made  between  surfaces  of  normal  and  fluorosed  teeth.  Studies  are  also  bang 
made  to  determine  the  effect  of  various  agents,  such  as  acids  and  fluorides  on 
tooth  surfaces.  The  method  has  been  extended  to  include  observation  of  replicas 
of  lightly  etched  ground  sections.  This  technic  shows  promise  of  being  very 
useful  as  a  new  approach  to  histologic  problems.  Shadowed  replicas  are  also 
being  made  which  are  thin  enough  to  be  suitable  for  electron  microscopy.  Ex¬ 
amination  of  surface  and  ground  section  details  is  in  prepress  at  the  high  magni¬ 
fications  thus  afforded. 

6.  The  Theory  of  Curing  Acryuc  Resins  for  Dentures.  H.  J.  Catd, 
National  Bureau  of  Standards,  Washington,  D.  C.  Faulty  processing  is  the  major 
reason  for  many  of  the  defects  observed  in  acrylic  dentures.  A  method  has  been 
developed  at  the  National  Bureau  of  Standards  for  determining  the  extent  w 
completeness  of  pol3unerization  (curing).  This  method  is  suitable  for  showing 
correlation  between  the  extent  of  polymerization  and  the  physical  and  chemical 
properties  of  methyl  methacrylate  resins  cured  by  different  technics.  It  is  satis¬ 
factory  in  evaluating  those  factors  which  influence  polymerization. 

7.  Osteomyelitis  of  the  Jaw.  Daniel  F.  Lynch,  D.D.S.,  Washington,  D.  C. 
A  case  report  on  osteomyelitis  of  the  mandible  was  presented.  The  author  dis¬ 
cussed  the  methods  of  treatment  of  the  disease  in  v(^e  15  years  ago  and  the 
methods  of  treatment  in  vogue  today.  The  value  of  penicillin  therapy  in  the 
chronic  stage  of  the  disease  was  questioned.  He  agreed  that  penicillin  therapy 
had  value  in  the  acute  stage  of  the  disease  (cellulitis)  but  he  stressed  the  point 
that  in  the  early  stages  one  was  not  always  sure  they  had  a  true  case  of  osteomye¬ 
litis  since  there  was  often  no  positive  roentgenographic  evidence.  All  cases  d 
cellulitis  do  not  end  in  osteomyelitis.  Therefore,  recent  reports  in  the  literature 
concerning  the  value  of  penicillin  therapy  in  the  treatment  of  osteomyelitis  must 
be  analyzed  carefully  before  acceptance. 
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8.  Fibrin  Foam  and  Thrombin  in  Oral  Surgery.  James  L.  Bradley,  Naval 
Dental  School,  Bethesda,  Md.  Fibrin  foam  and  thrombin,  2  new  products  of  the 
fractionation  of  human  blood  plasma  were  used  in  oral  surgery  operations  aboard 
a  Naval  Hospital  Ship.  It  was  used  in  9  cases  of  secondary  bleeders  as 
an  hemostatic  agent,  197  cases  as  an  aid  in  the  maintenance  of  a 
healthful  clot  in  routine  extractions,  and  42  cases  to  study  its  eff^ect  for  space 
obliteration  after  odentectomy  and  cjnstectomy.  The  following  tentative  con¬ 
clusions  were  drawn:  1.  Fibrin  foam  and  thrombin  is  an  excellent  hemostatic 
agent.  2.  It  is  not  in  any  way  injurious  to  the  patient.  3.  Foam  may  be  used 
in  wounds  treated  with  the  sulfonamides  and  penicillin  without  any  apparent 
change  in  tissue  reaction.  4.  The  value  in  oral  sui^ry  of  the  fibrin  clot,  is  still 
uncertain  because  of  the  limited  clinical  trial;  however,  further  clinical  and  lab¬ 
oratory  tests  are  warranted. 

II.  Evening  Session:  The  practical  application  of  our  present  day  knowledge  of 
dental  caries:  A  s3rmpo8ium  (Joseph  L.  Bernier  and  Luzerne  G.  Jordan, 
moderators). 

1.  Fluorine  and  Dental  Caries.  I.  Epidemiological  Aspects.  H. 
Trendley  Dean,  National  Institute  of  Health,  Bethesda,  Md.  Minute  amounts  of 
fluoride  in  a  domestic  water  supply  profoundly  afifect  dental  health.  The  optimal 
concentration  is  about  1.0  ppm  of  F.  School  populations  using  domestic  waters 
of  this  approximate  level  experience  only  about  |  as  much  dental  caries  as  c(Hn- 
parable  groups  using  fluoride-free  domestic  waters.  More  important,  the  amount 
required  to  reduce  drastically  the  intensity  of  dental  caries  attack  (i.e.  1.0  ppm  oi 
F)  is  suflflciently  low  to  eliminate  the  objectionable  problem  of  endemic  dental 
fluorosis  observed  among  users  of  higher  fluoride  waters.  Attempts  to  transpose 
this  naturally  occurring  phenomenon  into  a  public  health  control  measure  oi  wide 
spread  usefulness  are  now  being  made.  The  fluorine-dental  caries  hypothesis  is 
being  subjected  to  experimental  verification  in  a  number  of  cities  where  the 
fluoride-free  domestic  water  is  being  built  up  to  a  1.0  ppm  of  F.  concentration  by 
means  of  fluorination.  These  cities  are:  Grand  Rapids  (Mich.),  Newbur^  (N. 
Y.),  Brantford  (Ont.),  Midland  (Mich.),  Sheboygan  (Wis.),  Evanston  (Ill.)  and 
Marshall  (Tex.). 

2.  Fluorine  and  Dental  Caries.  II.  Bacteriological  Studies.  F.  A. 
Arnold,  Jr.,  National  Institute  of  Health,  Bethesda,  Md.  In  the  epidemiological 
studies  on  the  relationship  of  domestic  waters  and  dental  caries  investigations 
were  made  regarding  changes  in  the  oral  bacteriological  flora.  The  results  of 
these  studies  have  revealed  certain  valuable  information  regarding  the  action  of 
fluorine  in  the  caries  process.  Children  using  waters  containing  1  ppm  F.  and 
over  showed  an  average  of  38%  of  the  L.  acidophilus  counts  in  the  “caries-inac¬ 
tive”  range  (0-100  per  cc.  of  saliva),  as  compared  with  18%  in  “fluoride-free” 
areas.  In  fluoride  areas  the  high  counts  (20,000  and  over)  averaged  29%  as 
compared  to  52%  for  non-fluoride  areas.  Studies  in  areas  where  the  water  sup¬ 
plies  have  changed  from  “fluoride-free”  to  0.7-0.8  ppm  F.,  indicate  that  such  a 
change  will  not  bring  about  immediate  changes  in  oral  flora.  Repeated  surveys 
on  the  same  children  have  shown  that  the  results  of  single  L.  acidophilus  counts 
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as  made  in  these  studies  are  sufficiently  consistent  to  demonstrate  a  change  in  thr] 
oral  flora  had  it  occurred. 

3.  Topical  Appucation  of  Fluorides.  John  W.  KniUson,  U.  S. 

Health  Service,  Waekington,  D.  C.  The  h3rpothesis  that  the  incidence  of  dent 
caries  can  be  reduced  by  topical  applications  of  a  fluoride  solution  to  the  teeth  1 
been  tested  and  proven  by  several  investigators.  From  results  obtained  wit 
from  1  to  15  applications  of  a  2%  sodium  fluoride  solution,  it  is  indicated  thati 
maximum  reduction  in  caries  incidence  is  obtained  with  a  minimum  of  4  applic 
tions.  Although  the  search  for  the  most  effective  fluoride  solution  and  for 
simplest  technique  of  application  must  continue,  current  knowledge  of  the 
prophylactic  value  of  topically  applied  fluorides  should  be  utilized  fully  by 
dentist. 

4.  pH  AND  Dental  Caries.  Robert  M.  Stephan,  National  Institute  of  He 
Betheeda,  Md.  Active  carious  lesions  generally  have  a  pH  of  5.0  or  below, 
acidity  is  not  found  in  the  saliva  nor  in  caries  free  mouths.  Practically  all  or 
microorganisms  produce  some  acid  from  fermentable  carbohydrates,  but 
microorganisms  associated  with  caries  (i.e.  lactobacilli)  produce  the  lowest  p 
levels.  Two  approaches  to  the  preveniflon  of  caries  are  (1)  the  use  of  agei 
which  inhibit  add  production  in  the  mouth,  and  (2)  the  elimination  of  factors  i 
the  diet  (i.e.  glucose)  which  favor  the  growth  of  lactobacilli.  Neither  appi 
as  yet  has  developed  a  generally  practicable  method  for  the  control  of  caries. 

5.  Ingestion  of  Fluorine  and  Dental  Caries.  F.  J.  McClure,  Natio 
Institute  of  Health,  Bethesda,  Md.  Drinking  water  containing  1.00  ppm 
fluorine  (i.e.  1.0  mg  of  fluorine  per  1000  cc  of  water)  will  contribute  a 
fluoride  supplement  of  appibximately  0.350  mg  fluorine  to  1.600  mg  fluorine  to  \ 
diet.  The  food  in  the  diet  will  contribute  on  the  average  0.20-0.30  mg  of  flue 
daily.  It  is  suggested,  therefore,  that  where  the  drinking  water  does  not  cont 
an  optimum  quantity  of  fluorine  (i.e.  1.0  ppm  fluorine),  the  addition  of  0.3-lJ 
mg.  of  fluorine  to  children’s  diets  daily,  depending  on  the  age  of  the  child,  may  I 
instrumental  in  reducing  dental  caries.  Every  dietary  fluorine  suppler 
should  be  given  under  supervision  of  a  physician  or  dentist.  Calculations  of  i 
quantity  of  supplemental  fluorine  required  must  take  into  account  fluor 
present  in  the  local  water  supply.  Up  to  the  present  time  there  has  been  no  i 
quate  demonstration  of  the  value  of  this  form  of  fluoride  therapy  for  child 
adult. 

6.  The  Practical  Appucation  of  Our  Present  Day  Knowledge 
Dental  Caries.  Analysis  of  a  Dental  Survey  on  71015  Naval  Personnel 
amined  in  1942.  Carl  A.  Schlock,  Naval  Research  Institute,  Bethesda,  Md. 
Region  of  birth  has  a  significant  influence  on  the  presence  of  dental  defects ! 
persons.  Persons  bom  in  the  West  South  Central  and  Elast  South  Central 
gions  have  the  least  dental  defects,  and  those  bora  in  the  New  England  and 
die  Atlantic  regions  the  most  dental  defects.  2.  The  number  of  dent 
available  in  the  United  States  is  markedly  insufficient  to  render  a  complete  dent 
service  to  all  persons.  3.  Dentists  in  the  United  States  are  distributed  accor 
to  per  capita  income  rather  than  per  capita  dental  needs.  The  greater  numt 
of  dentists  in  a  region  contributes  to  a  greater  per  capita  dental  attention 
not  to  dental  caries  prevention. 


